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ABSTRACT
A Study on The Interactive Effects of Eye Movement Patterns with Modes of
Stimulus Presentation on the Recall of Paired-Associate Learning Sequences
(June 1973)
Zlmarian Walker
B. A. Fisk University
M. S. Indiana University
Directed by: Dr. David Coffing
The primary purpose of this research is to examine the relation-
ships between individual preferences for picture and printed word repre-
sentations, as measured by an analysis of eye movement fixation patterns,
and success on paired-associate learning sequences. The scores on the
paired-associate learning sequences are compared with a number of other
subject characteristics including general descriptive and demographic
data, scores on ability tests and color preference patterns. A second pur-
pose of this investigation is to provide data on the relationship between
the differences in eye movement fixation patterns and the immediate and
delayed memory functions of these subjects. Literature relating to the
nature of eye movements, information processing, selected cognitive
processes and retention was reviewed and reported.
Sample
The sample consists of sixty seventh grade students who were
randomly selected from the seventh grade student population of a large
junior high school in Westfield, Massachusetts. All data except the scores
on standardized tests and demographic facts were collected by this re-
searcher.
Procedure
The paired-associate sequences were presented in four sets. In
the prelearning sequence and the postlearning sequence simultaneous pic-
ture and printed word representations were shown to the subjects. The sub-
ject could then choose which combination of representations to fixate on
during the brief exposure period. All eye movements were recorded by the
eye camera. In the intervening sections the paired-associates were pre-
sented in two groups of twelve slides which contained only the picture or
printed word representations. No eye movements were recorded, but sub-
jects were tested immediately after the presentation of the stimulus mater-
ials for recall of the response items from the paired-associate lists. Their
answers were recorded on audiotape.
A second part of the treatment consisted of subjects being shown
the stimulus materials three to five days later and asked to supply the cor-
rect verbal response. Again, their answers were recorded on audiotape.
Vll
Scores on paired-associate sequences from both the immediate
and delayed testing situations were considered as the dependent variables.
The relationships between the dependent variables and the independent var-
iables are examined through analysis of variance, tests of parallelism,
and correlational analysis.
The following hypotheses were proposed:
1. In a test of immediate recall on a single-trial paired-associate
learning sequence, subjects will recall more items from stimu-
li containing picture representations than from stimuli contain-
ing printed word representations.
2. In the paired-associate learning sequences, there will be an
aptitude-treatment interaction between preferences for the
picture or printed word representations, as expressed by eye
fixation variables, and recall scores on the verbal tests.
3. In a test of delayed recall on a single trial paired-associate
learning sequence, the decay identified by the ratio of de-
layed recall to immediate recall will be less for items recalled
from the printed word stimulus materials than for items re-
called from the picture stimulus materials.
Results
This research indicates that picture representations are associ-
ated with greater retention of paired-associate learning sequences when
subjects are tested immediately after viewing the stimulus materials. When
there is a two to five day delay between viewing materials and tests admin-
istered, the decay of recall from printed word stimulus items is slightly
lower than the decay of picture stimulus items, although absolute recall of
viii
printed words is so low qs to create 3 floor effect which interferes with
conclusive interpretation of the data.
No aptitude—treatment interactions were found involving eye fixa-
tion variables. Differential uses of information as measured by eye fixation
patters were not shown to be significantly related to efficiency of learning
on the paired-associate sequences in either the immediate or the delayed
testing situation.
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CHAPTER I
INTRODUCTION
The Need for This Study
Research in the field of visual education has generally been incon-
clusive. Some studies have indicated no significant differences in effect-
iveness of different visual media (e.g., Vernon, 1946, 1950, 1952; Swan-
son, 1954; Zuckerman, 1954; Kale and Grosslight, 1955). For example,
Vernon (1950) compared the performance of British Grammar School students
in learning comparisons of vital statistics. Material was presented by
pictorial charts
,
graphs, and numerical tables with or without printed
text materials . He found no appreciable differences in learning from
the various treatments.
A more extensive study by Swanson (1954) involved using differ-
ent visual devices to enhance instructional materials presented to Air
Force mechanics. The materials were designed to familiarize them with
the complex subsystems of a bomber. Live lectures were similar, but
visual accompaniments for the different treatments varied markedly. No
significant differences were found among the final test scores for the
various groups
.
On the other hand, some researchers have found significant
2differences in the relative effectiveness of the same media (Goodman,
1942; Carson, 1947; Hoveland, Lumsdaine and Sheffield, 1949; Van-
dermeer, 1949; Bathurst, 1954; Swanson, Lumsdaine, andAukes, 1956).
For instance, Swanson, Lumsdaine, andAukes found in a follow up study
to Swanson (1954) that visual accompaniments did contribute to overall
learning scores when they were designed to focus on specific objectives
of the instruction.
Summary statements of the relationships among the various vi-
sual media and learning outcomes are available in Travers (1964), Hoban
and Van Ormer (1950)
,
and Allen (1960)
.
Several reasons for the contradictions among these findings have
been advanced by educational theorists and researchers. Hsia (19 68) sug-
gested that individual differences and preferences for different modalities
may account for the conflicting results. Other authors cite the lack of
content comparability as the basis for different findings. In his earlier
work, Dwyer, who has done a .series of studies in this area over the past
five years (Dwyer, 1967 a, 1967 b, 1968, etc.) subscribed to the idea
that differences were caused by content. Recently, however, he has sug-
gested that differences among uses of the information contained in the
presentations may explain contradicting research results.
Bruner, Goodnow and Austin (1956) and Travers, et al. (1964)
agree with Dwyer. They feel that learners do not need a wealth of stimuli
3to choose from in order to gain needed information. Travers maintains in
3 summary report on the research in this area that "merely confronting a
person with stimuli identical to those emitted by the real environment is
no guarantee that useful information will be retained" (1964, p. 1.19). He
states further that the function of visual education is "not so much to
bring the pupil into close touch with reality, but to help students become
more effective in dealing with reality" (Travers, 1964, p. 1.18).
These examples have shown that broad comparisons between var-
ious visual media do not yield conclusive results. Suggested reasons for
this include differences in individual choices and abilities, as well as
differential uses of information within various stimulus presentations.
The Problem
This study examines the problem of immediate and delayed re-
tention of simple learning materials within the framework of man's visual
information processing abilities. Several of the above mentioned sugges-
tions for clarifying the results of audiovisual research were utilized. First
of all, since broad studies comparing media presentations have proved to
be inconclusive, specific studies which compared learner use of informa-
tion within a visual display were used. Secondly, a study whose techni-
cal procedures were completely mediated was replicated to provide con-
tent comparability. Thirdly, one alternative plausible explanation of lack
4of conclusive results may involve individual difference in learning from
different presentation modes; thus, a technique for isolating and chart-
ing the details of how a learner seeks information from differential visual
displays was employed. Finally, this study was designed to explore the
question, "How do individual characteristics and information processing
preferences relate to the retention of learned materials?"
Purpose of the Study
This study explores the relationship between the selective ac-
tivity of the eyes and the retention of learned material. Its objectives
can be outlined as follows: first of all, to isolate a number of character-
istics which may influence learning activity by using conventional achieve-
ment and ability tests as well as eye-movement analysis; secondly to pro-
vide an experimental learning situation in which the outcomes of learning
may be measured; and finally to relate those individual characteristics to
the measured outcomes of learning on tests of immediate and delayed re-
tention of the learned materials
.
From the above purposes the following hypotheses can be gen-
erated. The first hypothesis relates the accuracy of recall to exposure
to pictorial or printed word stimuli. It is based upon the findings of
Rohwer (1967)
.
5HYPOTHESIS I: In a test of immediate recall on a single-trial
paired-associate learning sequence, subjects
will recall more items from stimuli containing
representations of pictures than from stimuli
containing printed words
.
The second hypothesis related preference for one form of presen-
tation, namely picture or word representations, to the recall of items.
This is based on the findings of Coffing (1971).
HYPOTHESIS II: In the paired-associate learning sequences,
there will be an aptitude-treatment interaction
between preferences for the picture or print
representations, as expressed by eye fixation
variables, and immediate and delayed recall
scores on the paired-associate learning se-
quences .
The third hypothesis was developed to test the idea of stabilized
forms as stated by Mackworth (1971). It includes an additional recall
test.
HYPOTHESIS III: In a test of delayed recall on a single-trial
paired-associate learning sequence, the decay
identified by the ratio of delayed recall to im-
mediate recall would be less for items recalled
from the printed word stimulus materials than
for items recalled from the picture stimulus ma-
terials .
Scope of the Study
For the purposes of audio-visual research, it is most useful to
view man as an information processing organism. Gibson (1966) considers
the various sensory intake abilities of man and summarizes the familiar
6ones in five perceptual systems. These are the
1. Basic orienting
,
2. Haptic,
3. Taste-smell,
4. Visual, and
5 . Auditory
.
He refers to these as perceptual systems because they are active
exploratory systems seeking stimulation as compared with the passive re-
ceptor systems usually referred to as the five senses.
Travers (1970) argues that the term "information system" should
be applied to audiovisual research.
Since formal education as we know it places heavy emphasis on
the visual and auditory systems, this study concentrates on one of those
areas, namely the visual.
There are currently two approaches to the study of man as an in-
formation processing organism. The first is based on research into the
behavior of man and coordinated theories. The second is based on re-
search into physiological and neurophysiological characteristics of man
(Travers, 1970).
A basic principle derived from the behavioristic research is that
man has limited capacity for processing information. He is therefore, con
tinually making choices among the plethora of stimuli in his environment
7(Miller, 1956; Broadbent, 1958; Fogel, 1967; Travers
,
1970). The clas-
sic statement of this principle can be found in the work of D. E. Broad-
bent (1958), who conducted a number of studies of situations in which in-
formation was presented simultaneously to the auditory and visual intake
systems. He came to the conclusion that man operates as a single-channel
intake organism, i.e. focusing upon input from one intake system at a
time, either the auditory or the visual. His theory postulates a selective
mechanism which shuts out the overload of information (see Figure 1).
The original Broadbent theory suggests that this selective mechanism or
filter operates at the initial stages of perceptual intake.
Elements of this theory are still widely supported by research
findings. Hsia (1971) summarizes the work in this area thusly:
In current literature, it appears that the arguments for one chan-
nel information processing system dominate over two channel or multi-
ple channel systems.
Despite Hsia's summation of current research findings, serious
challenges to and modifications of Broadbent' s theories exist. Triesman
(1964) adds the dimension that information is not rejected early in the in-
take process. She hypothesizes that unattended information was attenu-
ated or held in store but readily available to the learner for a brief period.
Moray (1969) questions some aspects of Broadbent' s model. His research
indicated that if a subject attends to a message presented to one ear he
normally ignores the messages to the other ear until his name is spoken.
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9At that point he "hears" or "attends" to the message in the other ear.
Others have felt that the Broadbent theory was suitable only for
fixed organisms unable to move and make choices among stimuli. Travers
(1970) makes a distinction between the technical information processing
ability of man from a fixed presentation and a continuous presentation. In
the technical terms of the communication engineer, he states that when in-
formation comes from a single and static presentation man can process about
ten bits per second. For the English language as a continuous transmission
vehiqle
,
Jacobson (1951) suggests that man can process 25-50 bits of in-
formation per second.
Hsia himself later in the same article (1971) indicates that there
is growing support for theories utilizing a multi-entrance mechanism
prob-
ably of a bisensory nature.
Although the information processing capacity of man is
limited, it
is not static, and various stimulus characteristics
including the rate of
presentation, meaning of the material, physical characteristics-such
as
pitch, loudness, etc. -can influence man's ability
to take in information
from his environment.
The theories developed from the research into the
physiological
and neurophysiological nature of man begin with
the details of perception
and proceed to postulate the nature of responding
activity within the ner-
vous system and/or thinking activity within the
brain.
10
The first set of propositions deals with the orienting or steering
aspects of receptor activity. Man's selection of stimuli is initially indi-
cated by a physical orientation to one stimulus or another. The nervous-
thinking system directs man's attention. This process is called by
Worden (1966) preferential selection. He describes its function thusly;
The essence of the conceptual problem is that selectivity so
evident in the performance of organisms, results from the operation
of selective forces at all psychological levels, from sensation
through cognition.
. . . the possibilities for analyzing attention are considerably in-
creased by combining sophisticated psychological and neurological
methods and concepts in the investigation of natural or experimental
inferences within the nervous system.
The traditional idea of thought plans was stated by Head (1920)
and developed by Bartlett (1932). It has been expanded by Mackworth
and Morandi (19 66), and Miller, Gallantier and Pribram (19 66) to relate
thinking and storage activity to choices among stimuli. The principle
component of these theories is that information is stored in patterns sim-
ilar to plans or templates. Each person has a plan which is a composite
of his perceptual experiences in any given area. For example, a plan of
a chair would not be a picture of a particular chair, but a composite of
all the chairs in one's perceptual experience. Each new perception is
compared to the current plan and accepted or rejected according to its
fit to the plan. However, the plans are continually modified by
experience
to allow acceptance of new perceptions.
11
Miller, Gallanter and Pribram (1966) relate these plans to the
selective behavior of individuals. If one views the senses in the tradi-
tional manner the plans are waiting to have new information stamped on
them by encounters with the environment. However if one views them as
active, searching, information systems these plans serve as guides to
the selective activity of the organism. They become a system of expect-
ancies that permit selection of input which has informational value.
Mackworth and Morandi (19 66) demonstrated this phenomena in
an experiment with pictures of earth contours. Through eye-movement
analysis they demonstrated that subjects sought areas of pictures which
could give them the most information, i.e. the jagged edges rather than
murky inlands
.
The above mentioned research supports the idea that all stimu-
lus elements do not have the same informational value. This further sup-
ports the work of Travers (1964), Dwyer (1970), and Bruner, Goodnow and
Austin (19 56) mentioned above.
Sokolow (1969) has developed a model which takes into account
the variable nature of information within stimuli. According
to his con
cept, information is selected and compared for future processing.
The Retention of Visual Information . Deese (1958) suggests
that learning can be studied in two ways. First, one
can chart improve-
ments due to practice. Secondly, we can take a fixed
level of performance
12
and determine how that level is retained over an intervening time interval.
The studies of the latter type are commonly called retention studies. For
our purposes retention can be defined as the extent to which material
originally learned is remembered. Several theorists have sought to de-
scribe the properties of the memory and retention mechanisms in the human
information processing system. However, as in general educational-
psychological research, conflicting theories have emerged.
Sperling (1967) and Mackworth (1971) pattern memory processes
around three basic stores, the visual trace, a short-term store and a
permanent long-term store. In terms of research results, this idea
is
well supported in current academic research (Norman, 1969).
Jane Mackworth has developed a model describing the steps
in
processing visual information during skilled reading, as
shown in Figure
2. Once the visual presentation is made, she hypothesizes
that memory
development moves through the sensory trace, into the
iconic store, and
then through short term memory into long-term
storage. She outlines the
relationship between verbal and visual messages as
they develop neural
models on which future perceptions are based. The
continued importance
of the visual image is noted in the following
statement.
At all levels visual imagery plays an
important part and visual
and verbal stores are used at each level for
processing of inpu y
matching, coding and comprehension.
She goes on to discuss the nature of
words as they are presented m
form of visual stimuli.
13
Mackworth’s (1971) model of reading process
FIGURE 2
Auditory
14
These data make it clear that visual recognition or matching a
learnt pattern with the input precedes verbal coding. Moreover, when
the visual input is a word, the matching process is made between word
and stored pattern with individual letters being scanned only incident-
ally. ... To put material into memory store, conscious attention to
the details is usually essential.
Although the word as condensation of sensory input is already deficient in
terms of the original stimuli, it is in itself a coded item which can then be
compared to previously developed neural models within the organism.
Researchers generally study immediate recall situations; that is,
experimental situations in which material is presented and testing occurs
after little or no delay. They report the data in terms of the number of sym-
bols, words, numbers, letters, etc., that subjects recall correctly from the
test situation. Miller (1956) concluded from studies of sequential learning
from auditory stimulus materials, that the immediate memory store contained
a relatively constant number of chunks. His research indicated that this
number was seven chunks, plus or minus two. Hyman and Kaufman (1966)
conducted studies to test Miller's hypothesis on visual material. They
found different results. In their experiment they manipulated the number
of symbols and the amount of information within the symbols presented.
The recall of subjects increased as a function of the number of repeated
symbols in the message, rather than remaining at a constant figure.
It is a common thought that the human information processing sys-
tem cannot always retrieve information from the memory stores,
and that
less is retrieved the longer the stored interval. Therefore,
it is particularly
15
important for educators to study the conditions of recall across various
time intervals and the conditions that would facilitate improved recall
across time. Educational research gives few pointers to guide us in this
type of study.
Previous studies have used time intervals ranging from a few
seconds to several weeks and the labels on the time intervals are not con-
sistent. Lumsdaine (1963) indicates that retention studies in audiovisual
research have not been able to isolate which instruction techniques fa-
cilitate recall by subjects. However, he also suggests how mediated pre-
sentations can facilitate research in the area of retention.
Effects of instruction usually change or dissipate with lapse of time,
the familiar phenomena being that of decreased retention. . . . The
practical advantage of reproducible media such as film and self-
instructional programs ... is their use as cuing devices just before
the knowledge is to be applied.
A few studies comparing immediate and delayed retention can be
used to set a basis for the following research. Bahrick and Boucher (1968)
did a study comparing immediate and delayed retention from visual presen-
tations. Eighty subjects were shown drawings of common objects. They
were tested for verbal recall of the object names and for accuracy of vi-
sual recognition of the drawings. The verbal recall tests were scored to
determine the number of correct object names listed. In one experimental
situation subjects were instructed to verbalize, in another they were not.
Subjects were tested immediately after instruction and again two weeks
16
later. The authors conclude that verbal recall immediately after training
is based at least in part upon immediate verbal coding. It would seem,
however, that verbal recall after two weeks is based primarily on visual
storage.
Cohen and Granstrom (19 68) conducted research which indicated
that the ability to produce geometric figures was correlated with the abil-
ity to describe them. Later they investigated whether only the coded in-
formation, i.e. the label or description, was stored or if the original vi-
sual information was retained for future use. Subjects were 120 college
students. They were presented with stimulus figures which were to be
recalled after a short interval. These intervals were filled with a
paired-associate learning task of visual, verbal or combination form.
Subjects were tested for both recognition and reproduction memory func-
tions. Recognition involved selecting the correct stimulus item from an
array of stimuli, and reproduction involved reconstructing the desired
figure from a basic figure. The authors concluded that although without
interpolated tasks recognition and reproduction yielded the same results,
interpolation had a stronger effect on reproduction than on recognition.
The reproduction data approximated the Broadbent model while the recog-
nition data did not. The authors interpreted these results as indicating
that recognition short-term memory had a major nonverbal component and
a minor verbal component.
CHAPTER II
REVIEW OF THE LITERATURE
Related Research Studies
Research studies on the subjects covered by information process-
ing and retention have been noted above. However, it is of particular
value to relate in detail some studies which have made specific compari-
sons within the visual field and dealt with the particular aspects of vis-
ual learning related to this study. Four studies dealing with the compari-
son of learning outcomes from print and picture materials will be reviewed.
Lumsdaine (1946, 1958) conducted early studies comparing use of
print and picture materials in paired-associate learning tasks. His primary
interest was in determining which form of presentation, picture or print,
was most effective for stimulus placement. The results show that the
use of pictures as stimulus items is more effective than the use of words.
The effect holds regardless of a number of systematic variations in the
presentation.
Pavio (1966) also did a study comparing pictures and words as
stimulus and response items. Pictures of objects and their concrete noun
labels were varied on the stimulus and response sides of
paired-associate
lists. The lists consisted of twenty pairs selected on
the basis that their
18
pictorial representation be unambiguously and readily named. The stim-
ulus materials were presented via 35mm colored slides to eighty-four
college students from undergraduate psychology classes. Pictures in the
stimulus position facilitated learning while pictures in the response po-
sition did not. Pavio suggests that the picture response hindered learn-
ing because more time is required to decode a picture into a verbal re-
sponse form than simply to recall a noun. He cites the work done by
Karwoski et al. (1944) as an example of this phenomena. It took longer
for subjects to freely associate with pictures than with words as stimuli.
Rohwer (1967) did a study comparing the effectiveness of picture
and word presentations in learning paired-associate sequences. The vis-
ual stimuli and response items were either pictures of objects or the
printed namesof those objects. The visual materials were presented with
a redundant sound track.
The study trial materials were 16mm black and white motion pic-
ture films, bearing the images of pairs of objects photographed on a
neutral grey background. The test-trial materials consisted of pictures
of the first object of each pair. The study-trial materials of the word
presentation consisted of pairs of words linked by a connecting verb,
while the test-trial materials consisted of the first word from each pair.
The word trials were presented by photographed and mounted slide trans-
parencies .
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The procedure was to present the pairs, twenty-four of them, at
a four-second rate. After a four-second inter-trial interval, the test stim-
uli were presented again at a four-second rate, but in an order different
from that of the study-trial. Responses were made by the subject answer-
ing aloud. They were then written down by the experimenter.
The amount of learning was measured in terms of the total number
of correct responses given in the test trials. The mean numbers of correct
responses were presented in a four-way analysis of variance table. Main
effect for grade level was not significant, nor was the expected interac-
tion of grade level with materials. Clearly, however, learning was more
efficient with pictorial than with printed materials in both grades (p ^.01),
so much so that more than thirty-two per cent of the total variance was as-
sociated with this factor. Rohwer summarizes the results as follows:
In sum, the presentation of paired-associates in pictorial form and
in the context of sentences produced more efficient learning than any
other combination of conditions examined, and, the form class of
context connectives are consistently associated with the amount
learned, although the detailed form of that relationship appears to de-
pend upon the character of the learning materials
.
The results of Rohwer' s study indicate that visual presentation of objects
is more efficient than visual presentation of the printed names of
these
objects in a paired-associate learning task.
Coffing (1971) did a follow-up study to Rohwer' s work. Essen-
tially the same procedures and materials were used with the
exceptions
that 1) eye-movement technology was employed to chart in
detail the
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learner's attentional activity within the visual presentation; and 2) apti-
tude-treatment interactions were plotted to determine whether or not some
subjects had different characteristics which were related to their tendency
to use picture or word materials more efficiently.
In general, Coffing's work supported Rohwer's thesis that picture
looking is associated with higher scores on paired-associate learning tasks.
The research also supported his own hypothesis that eye-movement vari-
ables would add to the predicted variance to a significant degree.
Thus, Hypothesis III is confirmed. As can be seen in the tables, the con-
tribution of the eye movement variables was of major importance in the
regression formulas, especially the pictorial and printed word stimulus
and the printed word response indices. When taken by themselves, the
eye-movement variables produced RSQ's of .20 and .34 respectively, for
pictorial and printed word criterion. However, when combined with the
ability tests, the explanation of variance accounted for reached near .60
for the pictorial and .70 for the printed word criteria. With regard to the
negative prediction of the criteria, the stimulus fixation indices proved
significant.
These four studies comparing picture and word stimuli may be summarized
into one important conclusion. We can say that in a paired-associate
learning task, when subjects are tested immediately or briefly after stim-
ulus presentation, pictures in the stimulus position and in general contri-
bute to greater retention of the paired-associate materials than words.
Research Techniques
In the detailed studies of information processing presented above,
two approaches ha ve been mentioned. One dealt with stimulus manipulation
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in order to alter the physical characteristics of the stimuli, the other with
the information content of the materials. For example, Lumsdaine (1958),
Pavio (1958) and Rohwer (1967) manipulated the form of their materials
from word to picture within the visual presentations. Coffing, however,
not only manipulated the forms of the stimulus materials, but statistically
manipulated the learner characteristics to discover how these character-
istics interacted with the stimulus attributes. For this purpose he em-
ployed a technique called aptitude-treatment interaction.
Aptitude-treatment interaction research stems from the study of
individual psychology. Many early theorists including Freud, Adler and
Allport were interested in the study of individuality. Psychologists since
that time have accumulated studies on hundreds of different personological
and demographic traits. Each individual may be described as a unique
combination of these traits.
Aptitude-treatment interaction research seeks to find at what point
the individual characteristics interact with the treatment or stimulus char-
acteristics to achieve maximum learning for a subject (Chronbach, 1957;
Salomon and Snow, 1968). Snow (1968) discusses the general aim of this
kind of research in these words:
The experimental psychology of learning and cognition has developed
to the point where the primary theoretical activity, whether
neo-associationistic or cognitive in orientation, concerns the un-
derstanding of internal mental events mediating between observed
stimuli and overt responses. The use of aptitude variables to repre-
sent the psychological and biological history of the organism may
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be the best and in many cases the only way to gain access to these
events
.
This technique is particularly useful for educational research.
The early media studies noted in Chapter I tried to indicate which form
of presentation (film, slides, etc.), was best for an entire group of
learners. No conclusive evidence was found. Several plausible reasons
for this were mentioned above. Salmon and Snow (1968) add another pos-
sible cause:
There is no reason to expect that any medium of communication
where critical information is presented via channels or channel in-
teractions which are not unique to that medium will produce unique
cognitive effects on learning. Consequently what might be a uni-
que and relevant medium attribute for one person could be irrelevant
for another one who differs from the first in his predispositions,
abilities, etc. . . . Here, the search for unique and relevant media
attributes come together,.
The formation of aptitude—treatment interactions relies heavily
on analysis of variance for its technical and theoretical base. An inter-
action is present when an effect is found for one type of subject or one
kind of situation, and is not found under other conditions (Snow, 1971).
Figure 3 illustrates two classes of interactions. One is the ordinal in-
teraction, and the other a disordinal one.
The disordinal interaction is the type most sought by Aptitude-
Treatment Interaction research in education. Let us assume that the two
lines representing regression slopes stand for the effects of two experi-
mental treatments or educational experiences. The crossing of the lines
in the disordinal interaction indicates that the regression lines
for the
Treatment
|
Treatment
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FIGURE
3
Aptitude-Treatment
Interactions
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two treatments intersect somewhere within the area of study. Students
who excelled in one treatment, A, did not do well in the other, but stud-
ents who did poorly in the first treatment excelled in the second, B. This
type of diagram would give the instructor a basis for making a professional
decision to give one group Treatment A and the other group Treatment B,
thereby insuring high achievement for most of the students.
If the interaction is an ordinal one, a different instructional de-
cision would have to be made. The noncrossing, or parallel lines indi-
cate that the two treatments do not intersect within the range of the apti-
tude under study. The instructor would have to apply Treatment A to
everyone for maximum individual achievement, or seek to improve B into
an intersecting relationship.
The current task of aptitude-treatment interaction research is
to choose some carefully defined individual characteristics which when
studied will have practical value to educators. Tyler (1959) in an arti-
cle on the psychology of individuality suggests some relevant concepts.
What I have come to believe is that individuality will continue to
elude us as long as we restrict our thinking to models based on
di-
mensions or continua. Little by little, evidence has been accumu-
lating that some of the crucial defining features of
psychological
individuality are to be found in two aspects of experience and
be-
havior that are not easily expressed in dimensions and that
can
best be thought of as discontinuous. I call these two
aspects o.
individuality choice and organization . . . . Certainly at any
on-
time a large number of behavior possibilities are ruled
out by ex-
ternal circumstances, by personal inadequacies,
and by previous
commitments. But within these analyzable limits there
is a larger
and smaller space in which movement of different
sorts is possi e.
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It is this movement in one direction rather than another, within de-
fining limits, that I am calling choice
.
(Italics mine)
Choice is one individual trait which we can measure under carefully de-
fined circumstances.
According to Reissman (1966) individual characteristics are de-
veloped early in life and provide the avenue to the kind of individualized
instruction envisioned by Aptitude-Treatment Interaction researchers.
For years teachers and guidance workers have tended to ignore indi-
vidual differences in learning style as they typically blamed the
student's failure to measure up to his learning potential on lack of
instruction or some emotional block or personality conflict. Little
attention has been given to how the pupil's learning could be im-
proved simply by concentrating on the way he works and learns.
. . .
The first step is to help him discover his particular style so
that, once he is aware of the way he learns, he can schedule his
learning activities accordingly.
Within the area of visual information processing there is a tech-
nique which allows us to have specific information about a subject's
learning habits. This technique is eye movement analysis. As Snow
(1971) points out, it does not tell us what is going on inside
the learn-
er's mind, but it may be considered a psychomot or reflection
of cognitive
activity, particularly as it relates to the direction
and duration of atten-
tional focusing.
Extensive research has been done on the nature of
eye move
ments, and an increasing amount of it is being
related to learning activi-
ties (Yarbus, 1967; Vurpillot, 1968; Fleming,
1969; Coffing, 1971; Caban
1972).
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Fixation patterns change as subjects seek areas of greater in-
formation value within a visual display. In a study by Gould and
Schaffer (1965) subjects were presented with thirty-six digits arranged
in six by six arrays. The subject was given a target digit for each trial
and told to search for it as quickly as possible and count the number of
times it occurred. The subjects' eye movements were recorded during
this exercise. No differences in length of fixations were found, but the
number of fixations increased with the number of times the target array
appeared in the display.
Mackworth and Morandi, in the study mentioned above (1967),
also isolated fixation patterns which indicated that eye movement analy-
sis can be used to trace specific aspects of attention.
Nunnally
,
Stevens and Hall (1965) related eye movements to
verbal evaluations by children after they learned to associate rewards with
previously neutral stimuli. More time was spent viewing figures associ-
ated with rewards than was spent viewing the nonreward associated fig-
ures. At the same time, the verbal evaluations of the reward-associated
figures became increasingly positive.
Coffing (1971) and Caban (1972) presented subjects with a
choice situation in which an individual's eye movements were used as
indicators of his preferences for one type of stimulus material
over
another. In the statistical analysis of the relationships
between the var-
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iables, the eye movement variables contributed significantly to the pre-
diction of differential learning success.
At present the equipment for eye movement analysis is somewhat
cumbersome and its operation requires a high level of technical compe-
tence. As this research tool becomes more widely used, improvements
will make it more practical to use eye movement analysis as a research
and diagnostic tool.
The aforementioned studies indicate that the eye movement anal-
ysis technique can contribute significantly to the analysis of learning
styles and eventually to learner understanding of his own behavior. Eye
movements are a rich source of information regarding the attention focus-
ing activities of the visual information intake system. Yarbus (1967)
summarized the relationship between eye movements and attention as fol-
lows:
The human eye fixates voluntarily and involuntarily on these ele-
ments of an object which carry or may carry essential and useful
information. The more information is contained in an element, the
longer the eyes stay on it. The distribution of points of fixation
on the object changes depending on the purpose of the observer,
i.e. depending on the information which he must obtain, for the dif-
ferent information can usually be obtained from different parts of an
object. The order and duration of fixations on elements of an ob-
ject are determined by the thought process accompanying the analy-
sis of the information obtained. Hence people who think differently
also, to some extent, see differently.
In conclusion, we note that paired-associate learning sequences
have frequently been used to study simple learning situations. Rohwer (19
67)
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used paired-associate sequences, with recall or study-test presentation,
to study immediate recall from picture and word learning materials.
Coffing (1971) added the analysis of eye movements to determine the
preferences of individual subjects and to relate those preferences to the
amount of learning for each subject. This study is in part a replication
of those studies. The automated nature of the presentation procedures
facilitates accurate duplication of, and comparison with their studies.
The aforementioned studies indicate that subjects will have developed a
preference for the use of one form of visual presentation over another.
Subjects tend to use eye movements to reflect those preferences when
presented with a free choice situation.
The delayed testing situation relates the preferential strategies
of subjects to their retention of the paired-associate materials. Specifi-
cally it explores a suggestion made by Mackworth (1971), that the iconic
store and the short-term visual memory become stabilized into forms and
are then more easily fitted into the developed plans or templates already
in the memory store. The visually presented word might be just such a
stabilized form and hence may be retained more accurately over time.
CHAPTER III
METHODS AND PROCEDURES
Description of the Sample
The subjects were sixty students randomly selected from the sev-
enth grade population of Westfield Junior High School in Westfield, Massa-
chusetts. Westfield Junior High School is one of the largest in the state,
having some 1,300 students. Of this number, 560 are seventh graders.
General demographic information and conventional test scores were avail-
able from the school Guidance Offices.
This study is generalizable to the seventh grade students of West-
field Junior High School under associative learning treatments using print
and picture stimulus materials under the controlled conditions described
below. However, due to the fact that this study is in part a replication
of
previous studies, particularly Coffing (1971), comparisons and
contrasts
to those studies will be stated.
Research Design
The research design for this study is displayed in
Figures 4 and
5. Figure 4 displays the variables and treatments
involved in the immedi-
ate testing situation, while Figure 5 indicates the
delayed testing.
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Variables were derived from four primary areas of the research:
i) the demographic information, 2) the French Tests of Cognitive Abilities,
3) the analysis of the eye fixation patterns, and 4) the recall scores on
the paired-associate learning sequences. A summary listing of the vari-
ables is found in Table 1.
Description of Variables
General Descriptive Variables (VI - V1Q) . Demographic data
were collected from the students' files in the school guidance offices.
The health file of each student was checked for evidence of severe physi-
cal or emotional problems which might influence this research. Only a
few difficulties were found and these were not considered severe enough
to influence the results.
Basic demographic characteristics chosen for this study include
AGE (V2), SEX (V3), presence or absence of glasses in the experimental
situation, GLASSES (V4) , and whether or not the person was the first-born
in his family, BIRTH ORDER (V5).
Three aspects of the students' general school performance
were
used. These were the frequency of absences during
the sixth grade,
ABSENTEEISM (V6) , the number of times tardy during the sixth
grade,
TARDINESS (V7) and a summary of the teachers'
deportment ratings from
kindergarten through the sixth grade, DEPORTMENT (V8).
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TABLE 1
Summary of Main Variables
Variable
Number
Variable
Name
Variable
Abbreviation
1 TRACK TRACK
2 AGE AGE
3 SEX SEX
4 GLASSES GLASSES
5 BIRTH ORDER BIRTH 0
6 ABSENTEEISM ABSENT
7 TARDINESS TARDY
8 DEPORTMENT DEPORT
9 IOWA TEST OF BASIC SKILLS IOWA
10 CALIFORNIA TEST OF MENTAL MATURITY CTMM
11 GRAY GRAY
12 BLUE BLUE
13 GREEN GREEN
14 RED RED
15 YELLOW YELLOW
16 VIOLET VIOLET
17 BROWN BROWN
18 BLACK BLACK
19 SURFACE DEVELOPMENT I SURF D I
20 SURFACE DEVELOPMENT II SURF D II
21 MAZE TRACING I MAXE TR I
22 MAXE TRACING II MAZE TR II
23 HIDDEN FIGURES I HID FIG I
24 HIDDEN FIGURES II HID FIG II
25 AUDITORY LETTER SPAN AUDLET S
26 PICTURE STIMULUS FIXATION I PIX STM I
27 WORD STIMULUS FIXATION I W STM I
28 CENTER FIXATION I CENTER I
29 WORD RESPONSE FIXATION I W RESP I
30 PICTURE RESPONSE FIXATION I PIX RESP I
31 BLINKS I BLK I
32 OFF I OFF I
33 PICTURE STIMULUS FIXATION II PIX STM II
34 WORD STIMULUS FIXATION II W STM II
35 CENTER FIXATION II CENTER II
36 WORD RESPONSE FIXATION II W RESP II
37 PICTURE RESPONSE FIXATION II PIX
RESP II
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Variable
Number
Variable
Name
Variable
Abbreviation
38 BUNKS II BLK II
39 OFF II OFF II
40 IMMEDIATE PRE-TEST SCORE IPRE TEST
41 IMMEDIATE POST-TEST SCORE I POST TEST
42 IMMEDIATE PICTURE CRITERION SCORE IM PIX
43 IMMEDIATE WORD CRITERION SCORE IM WORD
44 DELAY DELAY
45 DELAY PRE-TEST SCORE DELAY PRE
46 DELAY POST-TEST SCORE DELAY PST
47 DELAY PICTURE CRITERION SCORE DELAY PIX
48 DELAY WORD CRITERION SCORE DELAY WORD
One general achievement-ability measure was used. This was
the student's position in the school tracking system, TRACK (VI). Stud-
ents are tracked according to their previous academic performance in the
elementary grades. Students who have received no grades below "B" are
put in Sections 1 through 7, while those students whose grades include
"C's," "D's , " "E's" and "F's" are placed in Sections 8 through 19.
These groups constitute the upper and lower tracks for placement in aca-
demic classes. About one-third of our sample consisted of students
placed in the upper track.
Two specific achievement ability measures were recorded.
Westfield Junior High School administers the Iowa Tests of Basic Skills
to all students. The test yields five subtest scores and one composite
score. The composite score was used to represent each student in this
research, IOWA TEST (V9) . These tests were administered by the school
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personnel during the same week in which this experiment was conducted.
The California Test of Mental Maturity is also administered by school
personnel. Results on this test were recorded from the composite score
summarized in a conventional IQ measure, CALIFORNIA TEST OF MENTAL
MATURITY (V10).
The Color Preference Test (VI 1 - V18). The Luscher Color Pref-
erence Test was administered to all subjects included in the experiment.
This test was administered to facilitate comparisons with previous stud-
ies. Each subject was asked to order his preferences for eight color
cards, GRAY (VI 1), BLUE (V12), GREEN (V13), RED (V14), YELLOW (V15),
VIOLET (V16)
,
BROWN (V17) and BLACK (V18).
The French Tests of Cognitive Abilities (V19 - V25) . The French
Tests of Cognitive Abilities are based upon the constructs of Guilford's
"Structure of the Intellect" and related concepts. Seven of these tests
were used as aptitude measures. Some of them were administered in two
parts and each part was analyzed as a separate measure.
1. SURFACE DEVELOPMENT I & II (V19 & V20). This test in-
volves the ability to manipulate or transform the image of
spatial patterns into other visual arrangements.
2. MAZE TRACING SPEED TEST I & II (V21 & V22). This test
involves speed of visual exploration of a wide and compli-
cated optical field.
3. HIDDEN FIGURES I & II (V23 & V24) . This test involves
the ability to separate one visual form from another.
36
4
. AUDITORY LETTER SPAN I (V25). This test involves serial
memory for spoken letter items.
Eye Movement Fixation Measures (V26 - V39)
. Eye Movement
Analysis was done only on the Pre- and Post Test sections of the immedi-
ate testing situation. This analysis yielded 300 measures of analyzable
data for each subject. Some subjects' fixation patterns were unreadable
due to focus problems, technical difficulties with the synchronizer which
controlled the number of frames to be shot by the camera, and excessive
head movement.
The following data groupings were used for both the Pre- and
Post test eye fixation analysis.
1. PICTORIAL STIMULUS FIXATIONS (V26 and V33). This meas-
ure gives for each subject the total number of fixations lo-
cated in the quadrant identified as the pictorial stimulus
location.
2. PRINTED WORD STIMULUS FIXATION (V27 & V34). This
measure gives for each subject the total number of fixations
located in the quadrant identified as the printed word stim-
ulus location.
3. CENTER FIXATIONS (V28 & V35). This measure gives for
each subject the total number of fixations located in the
center of the display.
4. PRINTED WORD RESPONSE FIXATIONS (V29 & V36). This
measure gives for each subject the total number of fixations
located in the quadrant identified as the location of the
printed word response. It was located diagonally opposite
the printed word stimulus locations.
5. PICTURE RESPONSE FIXATIONS (V30 & V3 7) . This measure
gives for each subject the total number of fixations located
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in the quadrant identified as the pictorial response location.
It was located diagonally opposite the pictorial stimulus lo-
cation.
6. BLINKS (V31 & V38). This measure gives for each subject
the total number of frames in which the eye was closed or
blinking. No reflection from the eye was available.
7. OFF (V32 & V39). This measure gives for each subject the
total number of frames in which the visual display was re-
flected off the retinal area of the eye or was not reflected
on the eye at all.
Paired-Associate Learning Measures (V40 - V48) . The paired-
associate learning sequences were tested after each presentation in the
immediate testing situation. In the delayed portion of the experiment
the tests were given in the order of original presentation, but the study-
trial sequences were not repeated. The total number of measures equal-
led eight, with the four criterion measures considered as the dependent
variables. The scores on the paired-associate sequences were called
"efficiency of learning scores" by Rohwer and the same terminology will
be used in this research.
1 . PRETEST EFFICIENCY OF LEARNING SCORES (V40 6c V4 1)
.
The number of pair-associates correctly supplied in the
pretest of the six possible items.
2. PICTURE CRITERION SCORES (V42 6c V47) . This dependent
variable was the associative learning score for the pictor-
ial representation efficiency of learning criterion test. It
reflects the number of pair-associates correctly supplied
in the picture- picture test of twelve items.
3. WORD-WORD CRITERION SCORES (V43 6c V48). This depend-
ent variable was the associative learning score for the word
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representation efficiency of learning criterion test. It re-
flects the number of pair-associates correctly supplied in
the word-word test of twelve items.
4. POST-TEST EFFICIENCY OF LEARNING SCORE (V45 & V46).
The number of pair-associates correctly supplied in the
posttest of the six possible test items.
Experimental Procedures
A simple paired-associate learning situation was employed. The
procedures were directly replicative of those used by Rohwer (1967) and
Coffing (1971). They were taken from Rowher's Experiment VIII on sen-
tence elaboration with verbal and pictorial materials. The subject's use
of his eyes was recorded through the use of an eye camera developed by
Coffing from a model by Mackworth and modified by Caban (1972) to ob-
tain a more accurate reflection of the retinal image.
Subjects were tested individually by the experimenter. Each
subject was welcomed to the test situation and invited to sit at the exper-
imental apparatus. The experimental apparatus is displayed in Figure 6.
Subjects were given oral instructions to answer out loud. Their questions
were answered by the experimenter.
The paired-associate visual stimuli were presented on 35mm
black and white slides at the rate of one slide every four seconds. The
total presentation took seven minutes. Cnee begun, all instructions and
information were contained within the slide tape presentation. The visual
presentation was accompanied by simultaneous verbalizations from the
Presentation
and Pulse
FIGURE 6
Experimental Apparatus
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audiotape recording. Appendix I contains a transcription of the audio
track.
The eye camera was focused on the subject's right eye. The re-
flection was conveyed by a series of mirrors to an 8mm camera located in
the eye-movement apparatus (see diagram). The visuals were presented
on a screen directly in front of the subject. Since the camera could not
be seen by the subjects, the subject was not aware that his eyes were
being photographed.
The Experimental Materials . Each subject was presented with
the four paired-associate learning sequences.
I. Pretest. This was a test to decide presentation mode prefer-
ence. It included six concomitant picture and word pair visuals.
This was followed by a learning test with six stimulus objects
presented in the left position.
II. Word-Word. A printed word criterion treatment, consisting of
twelve word pairs, followed by the presentation of the left item
in each pair in the test situation.
III. Picture-Picture. A picture criterion treatment, consisting of six
concomitant picture word pair visuals, followed by the presenta-
tion of the left item in the learning situation.
IV. Posttest. A presentation preferences post-predictor treatment
consisting of six concomitant picture word pair visuals , followed
by the presentation of the left item in the learning situation.
The visuals accompanying the presentations noted above in sec-
tions I
,
II , III and IV are displayed in Figures 7, 8 and 9, respectively.
In each case the visual presentation was accompanied by the
verbalization
of the sentence below it.
The
glove
touches
the
stapler.
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An
example
of
the
Pretest
and
Posttest
Stimulus
Items
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The visuals were presented so that one-half of the subjects re-
ceived the word-word presentation in the first presentation place, while
the other half received the picture-picture presentation at that point.
Subjects were randomly assigned to receive one treatment or the other
first.
The Delayed Testing . Subjects were recalled three to five days
later for the delayed testing. Again they were asked to sit at the experi-
mental apparatus, and the instructions were repeated. The slide presen-
tation was the same for each subject except that the study-trial sections
of each part were left out and only the stimulus items were presented.
Again subjects were asked to supply the correct pair-associates for each
item of the test. Efficiency of learning scores were computed for each
sequence on the immediate and delayed trials. No eye movements were
recorded for the delayed testing.
CHAPTER IV
RESULTS
The data for this study were analyzed separately for each hypoth-
esis. For Hypothesis I the data were examined by a three-way analysis of
variance program to determine the effects of presentation mode, order of
presentation, and test time administration on the subjects' success on the
paired-associate learning sequences.
The data for Hypothesis II were examined through simple correla-
tional analysis, stepwise multiple regressions and a parallelism of regres-
sion test to determine the extent to which the picture and printed word
treatments were differentially related to the independent variables.
The data for Hypothesis III were examined by computing the de-
cay in recall of items from the immediate to the delayed test situation and
relating this to individual preferences in eye movements as measured by
dominant viewing area on the picture and printed word stimulus presenta-
tions .
Major Hypothesis I
This hypothesis states that in a test of immediate recall on a
single trial paired-associate learning sequence, subjects will recall more
items from stimuli containing representations of pictures than from stimuli
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containing representations of printed words.
Data Analysis . Effects on all subjects were examined by a three-
way analysis of variance program with repeated measures using presenta-
tion mode and order of presentation as the independent variables and imme-
diate and delayed criterion test time as the dependent variables. Hypoth-
esis I is not proven false by the analysis of this data.
In the immediate criterion test, raw scores showed that all but
one of the forty-four subjects scored higher with the picture presentation
than with the printed word presentation (see Table 2)
.
Table 2—Number of Subjects Who Obtained Higher Criterion Scores with
Picture or Word Representations and the Score Range for Each
Category on the Immediate Criterion Tests. N=44.
Score Number of Score
Category Subjects Ra nge
Picture Greater 43 1-12*
Word Greater 1 0- 9
Equal on Picture & Word 0
*Eight subjects obtained the maximum efficiency of learning score of 12 on
the Immediate Picture Criterion Test.
For the delayed testing situations the relationships are similar.
Table 3 indicates that again only one of the forty-four subjects did not show
a higher score with the picture criterion testing.
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Table 3—Number of Subjects Who Obtained Higher Criterion Scores with
Picture or Word Representations and the Score Range for Each
Category on the Delayed Criterion Tests. N=44.
Score
Cateqory
Number of
Subjects
Score
Ranqe
Picture Greater 43 1-8
Word Greater 1 0-7
Equal on Picture & Word 0
Table 4 presents the three-way analysis of variance summary
using immediate and delayed efficiency of learning scores as the depend-
ent variables. This analysis shows no significant main effect for Order of
Presentation, but does show a significant main effect for Picture over Word
presentation (p '.001), and for Immediate over Delayed test time (p ^.001).
The tests of significance used in this study were based on the as-
sumption that chance can be ruled out as a plausible explainer of differ-
ences when statistical significance is obtained. Under these circumstances
the explanation of differences must be based on systematic differences in
the relationships obtained. However, even when statistical significance
.
is obtained, the interpretation of the data must be limited to the popula-
tion from which the sample was randomly drawn (Roe and Hutchinson, 19 69).
Because there was no significant main effect involving Order of
Presentation, no further analysis of this factor will be reported or used in
this research.
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Table 4--Three-Way Analysis of Variance Summary Using Efficiency of
Learning Scores as the Criterion for Picture versus Printed Word
Presentation Success by Immediate versus Delayed Test Time,
by Order of Treatment Presentation Effects. N=44.
Mean F
DF Square Ratio
44
A Criterion 1 864.205 243.45 ***
Scores 43
44
B Test Time 1 803.273 230.935***
43
44
C Order of Presenta- 1 12.03 3.547
tion 43
***P ( .001
Cell Means and (Standard Deviations) for Immediate Criterion Test by
Order of Presentation.
Picture First
Word First
Picture
9.818
(1.622)
9.590
(2.538)
Word
4.409
(2.282)
5.000
(2.309)
Cell Means and (Standard Deviations) for Delayed Criterion Test by
Order of Presentation.
Picture First
Picture
4.136
(1.320)
Word
.863
(1.552)
1.136
(1.5825)
Word First 5.591
(2.196)
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Major Hypothesis II
This hypothesis states that in the paired-associate learning se-
quences, there will be an aptitude-treatment interaction between prefer-
ences for the picture or printed word representations, as expressed by eye
fixation variables, and immediate and delayed recall scores on the paired-
associate learning sequences.
Data Analysis . These data were examined through parallelism
tests, correlational analysis and multiple stepwise regressions. Hypothe-
sis II was not supported by the data analysis for this subject population.
Tests of Parallelism . The relationships between the dependent
variables, i.e. the criterion test scores (V42, V43, V47, V48),and the Eye
Fixation I variables (V26-V32) were tested by a parallelism of regression
test (Parelreg— statistical reference Dixon and Massey, 1957 , p.
218,
Equation 2-A) created at the Stanford Center for Research
and Development
of Teaching and converted and improved at the University
of Massachusetts
by David Coffing to determine the extent to which the
treatments differed.
Table 5 displays the results of the parallelism of
regression anal-
ysis for the Eye Fixation I variables (V26-V32) .
None of the interactions
between the Eye Fixation I variables (V26-V32) and
the dependent varia-
bles (V42 , V43 , V47 , V48) reached an F ratio
at the .05 level of signifi-
cance. A finding of significance would indicate
a nonparallelism oi the
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regression slopes between the variables
,
thus constituting an aptitude-
treatment interaction.
Table 5—Test of Parallelism of Regression Results Between Standardized
Eye Fixation Variables and Picture versus Word Success for Imme-
diate and Delayed Learning Criterion Measures. df=84, N=44.
Picture versus Printed Word
Parallelism F Ratio
Variable Immediate Delayed
Variables Number Test Test
F Ratio F Ratio
PDC STM I 26 0.12 0.89
W STM I 27 2.23 0.06
CENTER I 28 1.93 0.03
W RESP I 29 0.04 1.75
PDC RESP 30 0.04 0.10
BLK I 31 0.15 1.82
OFF I 32 1.44 1.85
Additional Analysis . Although not part of this major hypothesis,
all of the available data were examined to determine their relative contribu-
tion to the prediction of learning success on the paired-associate learning
sequences. Thus, the next sequence of analyses concerned each variable's
relationships to the variables in the study, particularly the dependent vari-
ables.
51
Table 6—Complete Correlation Matrix Displaying
Intercorrelations Among all Major Vari-
ables. N = 44.
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This analysis is presented in three stages. First the relation-
ships among all variables were explored through a simple correlational
analysis. Second, the immediate and delayed testing situations were
compared for aptitude-treatment interactions by examining the individual
test behaviors of subjects in the immediate and delayed test situation,
and the regression slopes obtained between the criterion measures and
each of the predictor variables. Finally, selected variables were entered
into a stepwise multiple regression to determine their contribution to the
variance accounted for.
Correlational Analysis . Table 6 shows the complete correlation
matrix for all the major variables. Table 7 displays the means and stand-
ard deviations for each of the major variables. Table 8 simplifies the ma-
trix by displaying only those correlations at or near the significance level
of p ^.05 or better. In the following discussion significance will refer
to those intercorrelations indicated as significant on Table 8.
The General Descriptive variables showed sixteen, or thirty-six
per cent statistically significant correlations of the forty-five possible in-
tercorrelations within this group. As can be seen in Table 6 most of these
relationships involve the IQ -achievement variables. Of the total possible
correlations with all variables on the matrix, thirty- six or nine per cent
of
the relationships involving variables in the General
Descriptive category
reached significance. Of the forty possible relationships between
the picture
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Table 7—Cell Means and Standard Deviations for all Major Variables.
N=44
.
Variable
Means and Standard Deviations
Variable Standard
Number Mean Deviation
TRACK 1
AGE 2
SEX 3
GLASSES 4
BIRTH O 5
ABSENT 6
TARDY 7
DEPORT 8
IOWA 9
CTMM 10
GRAY 11
BLUE 12
GREEN 13
RED 14
YELLOW 15
VIOLET 16
BROWN 17
BLACK 18
SURF D I 19
SURF D II 20
MAZE TR I 21
MAZE TR II 22
HID FIG I 23
HID FIG II 24
AUDLET S 25
PIX STIM I 26
W STIM I 27
CENTER I 28
W RESP I 29
PIX RESP I 30
BLK I 31
OFF I 32
1.705 0.462
18.977 6.256
1.523 0.505
1.864 0.347
1.682 0.471
5.813 2.513
0.841 2.439
2.841 1.446
69.273 11.526
110.250 11.971
7.045 0.746
3.591 1.834
3.523 1.732
3.318 1.360
3.636 1.906
2.295 1.424
5.841 1.363
6.932 1.704
6.227 4.430
7.114 5.562
9.250 3.134
12.432 3.592
5.568 5.621
5.773 5.273
5.455 2.051
28.864 6.330
25.386 6.613
3.386 1.728
28.705 7.602
30.205 7.899
2.932 3.274
.364 1.222
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Means and Standard Deviations
Variable
Variable
Number Mean
Standard
Deviation
PIX STIM II 33 33.864 8.553
W STIM II 34 20.841 6.633
CENTER II 35 2.205 1.887
W RESP II 36 28.364 9.012
PIX RESP II 37 29.297 8.209
BLK II 38 4.500 4.480
OFF II 39 .500 1.705
I PRE TEST 40 4.341 1.328
I POST TEST 41 4.364 1.382
I PIX 42 9.705 2.288
I WORD 43 4.705 2.288
DELAY 44 4.068 1.021
DELAY PRE 45 1.727 1.318
DELAY POST 46 2.455 1.355
DELAY PIX 47 4.864 1.936
DELAY WORD 48 1.000 1.555
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Table 8—Simplified Correlation Matrix Displaying All
Significant Interconnections Among the Major
Variables. N = 44.
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and word criterion measures and the variables in the General Descriptive
grouping, ten, or twenty-five per cent were significant.
In the immediate testing situation, Immediate Picture Criterion
(V42) was significantly related to SEX (V3) . Immediate Word Criterion
(V43) was significantly related to the following variables in the General
Descriptive grouping: TRACK (VI) , GLASSES (V4) , and IOWA (V9)
.
In the delayed testing situation, the Delayed Picture Criterion
(V47) was significantly related to AGE (V2) . The Delayed Word Criterion
(V48) was significantly related to TRACK (VI) , GLASSES (V4) and IOWA
(V49). These relationships were the same as for the Immediate Word Cri-
terion (V43). The Delayed Word Criterion (V48) was also significantly
correlated to the CTMM (V10).
The General Descriptive variables were intercorrelated with the
other variable groupings as follows.
GENERAL DESCRIPTIVE VARIABLES
Number of Significant
Variable Group Intercorrelations
General Descriptive
(V1-V10)
Color Preference
(VI 1 -VI 8)
Ability
(V19-V25)
Eye Fixation I
(V26-V32)
Eye Fixation II
(V33-V39)
16 out of 45 possible
5 out of 80 possible
4 out of 80 possible
0 out of 70 possible
3 out of 70 possible
Percentage of
Total Possible
Correlations
%
36
6
5
0
4
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Variable Group
Number of Significant
Intercorrelations
Percentage of
Total possible
Correlations
Immediate Paired-
%
Associate
(V40-V43) 3 out of 20 possible 15
Delayed Paired-
Associate
(V45-V48) 5 out of 20 possible 25
The Color Preference variables showed five, or eighteen per cent
significant correlations of the twenty-eight possible correlations within
this group. Of the total possible relationships with all variables on the
matrix, twenty-four, or eight per cent showed significant correlations
with variables in the Color Preference group. Of the thirty-two possible
relationships with the Picture and Word Criterion variables (V42, V43,
V47
,
V48) , one, or three per cent reached significance.
In the delayed testing situation, the Delayed Picture Criterion
(V47 ) showed a significant relationship to the preference
for Yellow (V15).
The Color Preference Variables were intercorrelated
with the
other variable groupings as follows.
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COLOR PREFERENCE VARIABLES
Percentage of
Variable Group
Number of Significant Total Possible
Intercorrelations Correlations
0/
Color Preference
(VI 1“ VI 8)
/o
5 out of 28 possible 18
General Descriptive
(V1-V10) 5 out of 80 possible 6
Ability
(V19-V25) 7 out of 64 possible 11
Eye Fixation I
(V26-V32) 2 out of 56 possible 4
Eye Fixation II
(V33-V39) 4 out of 56 possible 7
Immediate Paired-
Associate
(V40-V43) 1 out of 16 possible 6
Delayed Paired-
Associate
(V45-V48) 0 out of 16 possible 0
The French Tests of Cognitive Abilities variables showed ten,
or fifty per cent, significant correlations out of the twenty possible cor-
relations within this group. Of the total possible correlations with all
variables on the matrix, twenty-eight, or ten per cent of the relation-
ships involving Ability Tests (V19-V25) , reached significance. Of the
twenty-eight possible correlations between the Ability Tests and the
Picture and printed Word Criterion measures (V42, V43, V47, V48),
none
of the correlations reached significance.
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The Ability Test Variables were intercorrelated with the other
variable groupings as follows.
ABILITY TEST VARIABLES
Variable Group
Percentage of
Number of Significant Total Possible
Intercorrelations Correlations
Ability
(V19-V25)
%
10 out of 20 possible 50
General Descriptive
(V1-V10) 4 out of 80 possible 5
Color Preference
(V11-V18) 7 out of 64 possible 11
Eye Fixation I
(V26-V32) 2 out of 49 possible 4
Eye Fixation II
(V33-V39) 3 out of 49 possible 6
Immediate Paired-
Associate
(V40-V43) 2 out of 14 possible 14
Delayed Paired-
Associate
(V45-V48) 0 out of 14 possible 0
The Eye Fixation I variables showed eight, or thirty-eight per
cent significant correlations out of the twenty-one possible
correlations
within this group. Of the total possible correlations with all variables
on the matrix, twenty-six, or ten per cent of the correlations
involving
Eye Fixation I variables reached significance. One
variable, or seven
per cent, significantly correlated with Picture and
Word Criterion vari-
ables (V42 , V43 , V47 , V48) in both the immediate and
delayed situation.
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Word Stimulus Fixation (V27) showed significant correlations
with Word Criterion Scores (V43, V48) in both the immediate and delayed
test situations.
The Eye Fixation I variables were intercorrelated with the other
variable groupings as follows.
EYE FIXATION -I VARIABLES
Percentage of
Variable Group
Number of Significant
Intercorrelations
Total Possible
Correlations
Eye Fixation I
(V26-V32) 8 out of 21 possible
%
38
General Descriptive
(V1-V10) 0 out of 70 possible 0
Color Preference
(V11-V18) 3 out of 56 possible 5
Ability
(V19-V25) 2 out of 49 possible 4
Eye Fixation II
(V33-V39) 9 out of 49 possible 18
Immediate Paired-
Associate
(V40-V43) 1 out of 28 possible 4
Delayed Paired
-
Associate
(V45-V48) 3 out of 28 possible
11
The Eye Fixation II variables showed four, or a total of
twenty
correlations of the possible twenty-one correlationsper cent significant
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within this grouping. Of the total possible correlations with all variables
on the matrix twenty-seven, or nine per cent of the correlations involving
variables in the Eye Fixation II group reached significance. None of
these variables showed significant relationships with the Picture or Word
Criterion variables (V42 , V43, V47 , V48)
.
As expected, the Eye Fixation II variables were highly related to
the Eye Fixation I variables.
The Eye Fixation II variables were intercorrelated with the other
variable groupings as follows.
EYE FIXATION II VARIABLES
Number of Significant
Variable Group Intercorrelations
—
Eye Fixation II
(V33-V39)
General Descriptive
(V1-V10)
Color Preference
(V11-V18)
Ability
(V19-V25)
Eye Fixation I
(V26-V32)
Immediate Paired-
Associate
(V40-V43)
Delayed Paired-
Associate
(V45-V48)
4 out of 21 possible
3 out of 70 possible
4 out of 54 possible
3 out of 49 possible
9 out of 49 possible
4 out of 28 possible
0 out of 28 possible
Percentage of
Total Possible
Correlations
%
19
4
7
6
18
14
0
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The Immediate Paired-Associate variables showed four, or sixty-
seven per cent significant correlations out of the six possible correlations
within that group. Of the total possible correlations with all variables on
the matrix twenty-eight, or eleven per cent of the correlations involving
the Immediate Paired-Associate variables reached significance. The pre-
test and posttest scores (V40-V41) showed three, or seventy-five per cent
significant correlations with the Immediate Picture and Immediate Word Cri-
terion variables (V42, V43).
The Immediate Pre-Test (V40) was significantly correlated with
the Immediate Word Criterion Score (V43) . The Immediate Post-Test (V41)
was significantly correlated with both the Immediate Word Criterion Score
(V43) and the Immediate Picture Criterion Score (V42) . The correlation with
the former was greater than the correlation with the latter, although both
were significant and in the same direction.
The Immediate Paired-Associate Variables were intercorrelated
with the other variable groupings as follows.
IMMEDIATE PAIRED-ASSOCIATE VARIABLES
Percentage of
Number of Significant Total possible
Variable Group Intercorrelations Correlations
Immediate Paired-
Associate
(V40-V43) 4 out of 6 possible 67
General Descriptive
(V1-V10) 7 out of 40 possible 18
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Variable Group
Color Preference
(VI 1 -VI 8)
Ability
(V19-V25)
Eye Fixation I
Eye Fixation II
(V33-V39)
Delayed Paired-
Associate
(V45-V48)
Number of Significant
Intercorrelations
Percentage of
Total Possible
Correlations
%
1 out of 30 possible 3
2 out of 14 possible 14
2 out of 28 possible 7
4 out of 28 possible 14
8 out of 16 possible 50
The Delayed Paired-Associate variables showed three, or fifty per
cent significant correlations of the six possible correlations within this
group. Of the total possible correlations with all variables on the matrix,
nineteen, or six per cent of the correlations involving the Delayed Paired-
Associate variables reached significance. The pre- and posttest variables
(V45, V46) were significantly correlated with the Delayed Picture and "Word
Criterion variables (V47, V48) in three, or seventy-five per cent of the
pos-
sible correlations.
The Delayed Pre-Test (V45) was significantly correlated with
both
the Delayed Word Criterion (V48) and the Delayed Picture Criterion
(V47).
The correlation with the former was greater than the
correlation with the
latter although both were significant and in the same
direction. The
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Delayed Post-Test (V46) was significantly correlated with the Delayed Pic-
ture Criterion variable (V47)
.
The Delayed Paired-Associate variables were intercorrelated with
other variable groupings as follows.
DELAYED PAIRED-ASSOCIATE VARIABLES
Number of Significant
Variable Group Intercorrelations
Percentage of
Total Possible
Correlations
%
Delayed Paired
Associate
(V45-V48) 3 out of 6 possible 50
General Descriptive
(V1-V10) 5 out of 20 possible 25
Color Preference
(V11-V18) 0 out of 16 possible 0
Ability
(V19-V25) 0 out of 14 possible 0
Eye Fixation I
(V26-V32) 3 out of 28 possible 11
Eye Fixation II
(V33-V39) 0 out of 28 possible 0
Immediate Paired-
Associate
(V40-V43) 8 out 16 possible
Parallelism of Regression Analysis . Although Hypothesis II con-
cerned only the Eye Fixation variables, a complete analysis of
these data
was conducted to determine whether or not other main
variables would pro-
duce significant nonparallelisms of the regression
slopes with the
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dependent variables (see Tables 9 and 10).
Except for the Eye Fixation variables
,
the F ratios for all main
variables in the immediate and delayed test situation are displayed in
Table 9. Examination of these F ratios indicates that scores obtained on
the IOWA Test of Basic Skills (V9) and the Color Preference for BLACK (V18)
produced significant aptitude -treatment interactions in the immediate test-
ing situation. The regression slopes for these interactions are displayed
in Figure 10. There were no significant interactions in the delayed testing
situation.
The F ratios for all main variables comparing immediate versus de-
layed success on the picture and printed word paired-associate sequences
are displayed in Table 10. When the regression slopes for immediate pic-
ture success which were compared with the regression slopes on delayed
picture success an aptitude-treatment interaction was found for Deport-
ment (V8) (see Figure 11 ). When the regression slopes for immediate word
success were compared with the regression slopes for delayed word success
an aptitude-treatment interaction was found for Surface Development II (V20)
(see Figure 11). Again, no aptitude-treatment interactions were found in-
volving the Eye Fixation variables.
Multiple Stepwise Regression Analysis . The relationships between
the picture and printed word criterion measures and other main variables were
further tested through a stepwise regression analysis. All variables were
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Table 9—Test of Parallelism of Regression Results Between Standardized
Main Variables and Picture versus Word Success for Immediate
and Delayed Learning Criterion Measures. df=84, N=44.
Picture versus Printed Word
Parallelism F Ratio
Variables
Variable
No.
Immediate
Test
Delayed
Test
TRACK V- 1 1.42 0.53
SEX V- 3 0.62 0.91
GLASSES V- 4 1.32 0.32
BIRTH O V- 5 0.08 0.24
ABSENT V- 6 0.00 0.66
TARDY V- 7 0.05 0.09
DEPORT V- 8 0.77 0.66
IOWA V- 9 7.88** 0.04
CTMM V-10 3.38 2.25
GRAY V-ll 0.84 0.31
BLUE V-12 1.37 0.10
GREEN V-13 2.30 1.64
RED V-14 0.26 0.03
YELLOW V-15 0.80 2.99
VIOLET V-16 0.20 0.52
BROWN V-17 0.06 0.59
BLACK V-18 4.04* 0.70
SURF D I V-19 0.98 0.16
SURF D II V-20 1.28 0.33
MAZE TR I V-2
1
1.26 1.15
MAZE TR II V-22 0.14 0 . 52
HID FIG I V-23 0.07 0 . 83
HID FIG II V- 24 0.16 0.77
AUDLETS S V-25 1.67 0.40
*p=
. 045
**p=
. 0063
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Table 10—Test of Parallelism of Regression Results between Standardized
Main Variables and Immediate versus Delayed Success on the
Picture and Word Criterion Measures. df=84 , N=44.
Variables
Immediate versus Delayed Success
on Picture and Word Criterion Measures
Variable
No. Picture Word
TRACK (V-l) 0.32 0.01
SEX (V-3) 6.01* 0.54
GLASSES (V-4) 0.02 0.39
BIRTH (V-5) 0.05 1.26
ABSENT (V-6) 0.03 0.98
TARDY (V-7) 0.21 1.00
DEPORT (V-8) 4 . 04** 0.11
IOWA (V-9) 3.86 0.84
CTMM (V— 1 0) 0.39 0.00
GRAY (V-ll) 0.16 0.01
BLUE (V— 12) 0.22 0.30
GREEN (V-l 3) 0.10 0.82
RED (V-l 4) 0.02 0.74
YELLOW (V-l 5) 2.77 1.43
VIOLET (V-l 6) 0.86 0.67
BROWN (V-l 7) 3.15 0.72
BLACK (V-l 8) 0.27 0.89
SURF D I (V— 19) 0.04 1.60
SURF D II (V-20) 1.65
4.48***
MAZE TR I (V— 2 1) 0.18 0 . 54
MAZE TR II (V-22) 2.02 1 . 54
HID FIG I (V-23) 0.03
0.05
HID FIG II (V-24) 0.07
0.00
AUDLETS (V-25) 0.42 0.04
I PRE TEST (V-40) 0.05
1.51
PIX STM I (V-26) 0.36
2.22
W STM I (V-27) 2.14 0 . 02
CENTER I
W RES? I
(V-28)
(V-29)
0.30
0.08
0.2b
0.07
PIX RESP I
BLK I
OFF I
(V-30)
(V-31)
(V-32)
0.24
0.00
0.00
0.13
0.02
3.48
*p= .015 **p= .045
***p= .035
CRITERION
SUCCESS
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Significant Interactions on the Test of Parallelism of Regression Slopes Be-
tween Standardized Main Variables and Picture Versus Word Success for
Immediate Learning Criterion Measures
IOWA (V9)
(Immediate Picture versus Im-
mediate Word)
BLACK (VI 8)
(Immediate Picture versus Im-
mediate Word)
Picture Criterion Scores (
Word Criterion Scores (
FIGURE 10
)
)
CRITERION
SCORES
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Significant Interactions on the Test of Parallelism of the Regression Slopes
between Standardized Main Variables and Immediate versus Delayed Suc-
cess on the Picture and Word Criterion Measures
DEPORTMENT (V8)
(Immediate Picture versus Delayed
Picture)
SURFACE DEVELOPMENT II (V20)
(Immediate Word versus Delayed
Word)
Immediate Criterion Scores (
Delayed Criterion Scores (
FIGURE 11
)
0
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entered into a Biomedical Stepwise Multiple Regression program (BMD 02R).
The strongest variables, that is, those entering the regression formula be-
fore the variables ceased producing significant additions to the explanation
of variance, as expressed by the RSQ statistic, were isolated in this manner.
Because the BMD 02R does not produce a standardized Beta statistic, the
Statistical Package for the Social Sciences (SPSS) was used for the further
analysis of this data. SPSS has space for a maximum of twenty-four vari-
ables, therefore only the strongest variables from the BMD 02R program
were used in the latter calculations. These calculations comparably re-
late the independent variables to the dependent variables through the use
of the standardized Beta, thereby facilitating comparisons within the
groupings
.
The following variables were entered into the stepwise multiple
regression with the criterion variables: TRACK (VI), SEX (V3) , GLASSES
(V4)
,
BIRTH ORDER (V5) , ABSENT (V6) , TARDY (V7) , DEPORT (V8) , IOWA
(V9), CTMM (V10), YELLOW (V15), BROWN (V17) , SURF DII (V20), HID FIG
II (V24) , AUDLET (V25), W STM I (V27), CENTER I (V28), and OFF I (V32).
In each table displaying the relationships between the above variables
and the picture and printed word criterion measures, some combination
of these variables contributed about one-half of the variance to the
regres-
sion formula (see Tables 11, 12, 13 and 14).
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Table 11—Stepwise Regression Analysis with Immediate Picture Criterion
Score as the Criterion Variable. N = 44.
Step
Number
Variable
Number RSQ
RSQ
Increase
f
in/out beta beta'
Variable
Abbreviation
1 . 3 . 10 . 10 4.89 .56 . 13 SEX
2. 5 . 15 .04 2.25 - .12 -.12 AUDLET S
3. 4 .22 .07 3.64 -1.10 -.17 GLASSES
4. 7 .25 .03 1.72 - .27 -.31 TARDY
5. 27 .27 .02 1.27 - .11 -.35 WSTM I
6. 9 .30 .02 1.50 - .11 -.65 IOWA
7. 1 .39 .09 5.50 -3.40 -.75 TRACK
8. 28 .46 .06 4.51 - .39 -.32 CENTER I
9. 10 .49 .02 1.64 - .04 -.25 CTMM
Betas are those corresponding to each variable at Step 9, and
are not the betas when the variable first entered the regression
formula
.
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Table 12—Stepwise Regression Analysis with Immediate Word Criterion
Test Score as the Criterion Variable. N = 44.
Step
Number
Variable
Number RSQ
RSQ
Increase
f
in/out beta beta'
Variable
Abbreviation
1 . 27 .22 .22 12.22 -.14 -.40 WSTM I
2. 9 .35 . 12 8.06 .11 .54 ICWA
3. 15 .43 .08 5.73 .29 .24 YELLOW
4. 17 .46 .02 2.14 -.18 -.11 BROWN
5. 20 .48 .02 1.64 .11 .28 SURF D II
6. 10 .50 .01 1.38 -.04 -.22 CTMM
7. 24 .52 .02 1.70 .08 . 18 HID FIG II
Betas are those corresponding to each variable at Step 7 and are
not the betas when the variable first entered the regression form-
ula .
73
Table 13—Stepwise Regression Analysis with Delayed Picture Criterion
Score as the Criterion Variable. N = 44.
Delayed Picture
Step
Number
Variable
Number RSQ
RSQ
Increase
f
in/out beta beta'
Variable
Abbreviation
1
. 15 . 12 . 12 6.02 - .35 - .35 YELLOW
2. 20 . 19 .07 3.73 - .08 - .24 SURF D II
3. 2 .26 .06 3.33 .08 .29 AGE
4. 10 .26 .02 1.59 - .09 - .54 CTMM
5. 1 .35 .06 3.96 -1.86 - .44 TRACK
6. 4 .38 .02 1.72 -1.17 - .21 GLASSES
7. 24 .40 .02 1.40 - .07 - .19 HID FIG II
Betas are those corresponding to each variable at Step 7 and
not the betas when the variable first entered the regression
formula
.
74
Table 14—Stepwise Regression Analysis with Delayed Word Criterion
Test Score as the Criterion Variable. N = 44.
Delayed Word
Step
Number
Variable
Number
RSQ
RSQ Increase
in
in/out beta beta
Variable
Abbreviation
1 . 15
.
12 . 12 6.02 - .35 - .35 YELLOW
2. 20 . 19 .07 3.73 - .08 - .24 SURF D II
3. 2 .26 .06 3.33 .08 .29 AGE
4. 10 .28 .02 1.59 - .09 - .54 CTMM
5. 1 .35 .06 3.96 -1.86 - .44 TRACK
6. 4 .38 .02 1.72 -1.17 - .21 GLASSES
7. 24 .40 .02 1.40 - .07 - .19 HID FIG II
Betas are those corresponding to each variable at Step 7 and
not the betas when the variable first entered the regression
formula
.
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Subsequently each variable grouping was entered independently
into the SPSS formula in a separate analysis to determine the strongest pre-
dictors within each group. This analysis is summarized in Tables 15, 16,
17 and 18. None of these variable groupings contributed more than fifty
per cent to the regression formula.
Exploratory Analysis of Sub-populations . Given these results,
the data were examined to explore the possibility that significant interac-
tions were submerged in the total population and would appear as a result
of sub-population analysis.
Previous studies of this type (Coffing, 1971; Caban 1972) have
indicated that a sub-population analysis made by dividing the total popu-
lation into two groups labeled changers and nonchangers in fixation pat-
terns from the pretest to the posttest eye fixation sequences would yield
significant differences in the parallelism of regression analysis of the
eye fixation measures. An exploratory analysis comparing the fixation
patterns of the two groups with their scores on the picture and printed
word criterion measures did not yield results significantly different from
the results for the total population.
Major Hypothesis III
This hypothesis states that in a test of delayed recall on a single
trial paired-associate learning sequence, the decay identified by
the ratio
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Table 15— Stepwise Regression Analysis with Immediate Picture Criterion
Score as the Dependent Variable and the Major Variable Group-
ings taken Separately as the Independent Variables. N = 44.
Immediate Picture
Step Variable RSQ f Variable
Number Number RSQ Increase in/out Name
COLOR PREFERENCE (V11-V18)
1 . 18 .0,6 .06 4.09 BLACK
2. 17 .08 .02 2.78 BROWN
3. 16 .11 .03 2.68 VIOLET
4. 15 . 12 .01 1.27 YELLOW
5. 13 .15 .02 .99 GREEN
ABILITY (VI
9
-V25)
1 . 25 .05 .05 1.08 AUDLET S
2. 21 .07 .02 6.15 MAZE TR I
3. 22 .16 .08 4.89 MAZE TR II
4. 23 .18 .02 1.35 HID FIG I
EYE FIXATION I (V26-V22)
1 . 28 .04 .04 4.28 CENTER I
2. 27 .14 .10 4.62 W STM I
GENERAL DESCRIPTIVE (VI -V10)
1 . 3 .14 .14 6.28 SEX
2 . 4 . 18 .04 1.55
GLASSES
3 . 5 .22 .04
1.60 BIRTH O
4. 12 .26 .05
1.84 AGE
s 1 .31 .05 2.43 TRACK
6 9 .41 .10 5.33
IOWA
7 10 .46 .05
3.02 CTMM
8. 7 .49 .03
2.02 TARDY
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Table 16— Stepwise Regression Analysis with Immediate Word Criterion
Score as the Dependent Variable and the Major Variable
Groupings Taken Separately as the Independent Variables
N = 44.
Immediate Word
Step
Number
Variable
Number
RSQ
RSQ Increase
f
in/out
Variable
Name
COLOR PREFERENCE (V11-V18)
1 . 13 .06 .06 .48 GREEN
2. 11 .08 . 19 1.82 GREY
3. 14 .11 .03 1.35 RED
4. 16 . 13 .02 1.13 VIOLET
ABILITY (V19-V25)
1 . 20 .08 .08 7.05 SURF D II
2. 24 . 16 .08 4.22 HID FIG II
EYE FIXATION I (V26-V32)
1 . 27 .22 .22 12.23 W STM I
GENERAL DESCRIPTIVE (V1-V10)
1 . 9 . 14 . 14 6.18 IOWA
2. 3 .27 . 13 6.48 SEX
3. 1 .34 .06 3.43 TRACK
4. 8 .38 .04 2.57 DEPORT
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Table 17— Stepwise Regression Analysis with Delayed Picture Criteri-
on Score as the Dependent Variable and Major Variable
Groupings as the Independent Variables. N = 44.
Delayed Picture
Step
Number
Variable
Number
RSQ
RSQ Increase
f
in/out
Variable
Name
COLOR PREFERENCE (V11-V18)
1 . 15 .12 . 12 6.89 YELLOW
2. 14 . 15 .03 1.69 RED
3. 18 . 17 .02 3.42 BLACK
4. 12 .21 .04 2.08 BLUE
5. 17 .24 .03 1.55 BROWN
ABILITY (V19-V25)
1 . 20 .05 .05 2.73 SURF D II
2. 19 .09 .04 1.73 SURF D I
3. 21 .11 .02 .97 MAZE TR I
EYE FIXATION I (V26-V32)
1 . 26 .02 .02 .92 PIX STM I
GENERAL DESCRIPTIVE (V1-V10)
1 . 2 .12 . 12 5.09 AGE
2. 8 .16 .05 2.03 DEPORT
3. 9 .23 .06 3.01 IOWA
4. 4 .27 .04 1.84 GLASS
5. 1 .29 .03 1.23 TRACK
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Table 18— Stepwise Regression Analysis with Delayed Word Criterion
Score as the Dependent Variable and Major Variable Group-
ings taken Separately as the Independent Variables. N = 44.
Delayed Word
Step Variable RSQ f Variable
Number Number RSQ Increase in/out Name
COLOR PREFERENCE (V11-V18)
1 . 11 .06 .06 2.58 GRAY
ABILITY (VI
9
-V25)
1 . 24 .06 .06 2.46 HID FIG II
EYE FIXATION I (V26-V32)
1 . 27 .11 .11 1.24 W STM I
2. 30 . 13 .02 1.51 PIX RESP I
3. 32 . 16 .03 1.48 OFF I
GENERAL DESCRIPTIVE (VI -V10)
1 . 1 .20 .20 9.33 TRACK
2. 6 .28 .08 3.73 ABSENT
3. 4 .30 .03 1.49 GLASS
4. 3 .33 .02 1.15 SEX
5. 2 .37 .04 2.10 AGE
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of delayed recall to immediate recall will be less for items recalled from
the printed word stimulus materials than for items recalled from the pic-
ture stimulus materials.
Data Analysis . Hypothesis III is not proven false by the raw
score analysis of this data. A comparison of relevant means indicates
that the mean score loss for the picture recall scores was 4.841, while
the mean loss for the printed word recall scores was 3.705 (see Table 4).
Thus, the absolute loss for the printed word recall scores was slightly
less than that for the picture recall scores. However, it is noted that
the word recall scores were very low in the delayed test situation, creat-
ing an artificial floor.
Exploratory Analysis of Combination Eye Fixation Patterns . An
exploratory analysis was conducted to relate preferences on picture and
printed word stimulus materials, as indicated by the dominant viewing
area in the eye-fixation sequences, to the retention of the paired-associate
items
.
Subjects' eye fixation patterns on the pretest, Eye Fixation I (V26-
V32) were divided into four categories based on the dominant viewing areas
in the picture and printed word stimulus and response sections of the ex-
perimental stimulus materials. Category I includes subjects who were
primarily Picture Stimulus and Picture Response (PP) viewers. Category
II includes those who were primarily Picture Stimulus and Word
Response
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(PW) viewers. Category III includes those who were primarily Word Stim-
ulus and Picture Response viewers (WP) . Category IV includes those who
were Word Stimulus and Word Response (WW) viewers. There were two
subjects whose major fixation areas included the CFF or BLINK Eye Fixa-
tion areas in either the stimulus or response positions. These subjects
are not included in the above categories.
Comparisons between the scores on the picture and printed word
criterion measures in the immediate and delayed testing situation were
made for the subjects in each category. The percentage of loss was cal-
culated for each category. Table 19 shows the percentages of losses for
the picture and printed word criterion measures. In each category the sub-
jects who preferred picture stimulus items showed greater recall than sub-
jects preferring printed word stimulus items. Subjects in Category II,
those who used a picture-word viewing strategy, retained more items from
both the picture and printed word criterion presentations. Category III,
those who used wcrd-picture viewing strategy, had the lowest recall on
the printed word criterion measures. Category IV, those who used a
word-word viewing strategy, had the least lowest recall on the picture
cri-
terion measures.
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Table 19— Decay in Recall of Items Between the Immediate Paired-
Associate Learning Sequences and the Delayed Paired-
Associate Learning Sequences on the Picture and Word Cri-
terion Measures. N = 42.
Percentage
Cateqory
Number of
Subjects
Immediate vs De-
layed Picture
Immediate vs
.
layed Word
% %
I-PP 12 50.0 78.0
II-PW 13 35.0 77.0
III-WP 9 46.0 94.0
IV-WW 8 66.0 87.0
CHAPTER V
DISCUSSION AND CONCLUSIONS
This research stressed the examination of relationships between
individual preferences for picture and printed word representations, as
measured by an analysis of eye movement fixation patterns, and success
on the paired-associate learning sequences. The comparative effects of
eye-movement patterns were related to efficiency of learning on the paired
associate learning sequences immediately after presentation of the stimu-
lus materials, and after a delay interval of three to five days.
All variable
categories, including General Descriptive, Color Preference,
Ability, and
Eye Fixation variables were examined to determine their
contribution to the
explanation of variance of learning efficiency with picture
and printed word
representations in both the immediate and delayed testing
situations. Fin-
ally, comparisons were made between the number of
items retained from the
immediate to the delayed test situation and the
subjects' eye fixation
strategies
.
Major Hypothesis I
In a test of immediate recall on a single
trial paired-associate
learning sequence, subjects will recall more
items from visual stimuli con
than from visual stimuli containing
repre-
t
taining picture representations
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sentations of printed words .
Conclusions, Hypothesis I : The analysis of variance showed no
statistically significant main effect for order of presentation, but did show
a statistically significant main effect for both pictorial over printed word
success on the paired-associate learning sequences, and for immediate
over delayed success on the paired-associate learning sequences. Conse-
quently, Hypothesis I is not proven false by the analysis of this data.
Discussion, Hypothesis I : This conclusion supports the major
hypotheses of the Rohwer (1967) and Coffing (1971) studies. The scores on
the immediate recall tests were higher for recall from the picture representa-
tions than the scores in either of the previous studies. In the current re-
search and in the Coffing (1971) study, subjects served as their own con-
trols. Coffing (1971) considers this a primary factor in the increased recall
of his subjects over those of the Rohwer (1967) study.
During the time lapse between the 19 67 study and the 1972 re-
search the visual media such as television, films, etc. have played an in-
creasingly important role in both the formal and informal educational activ-
ities of children. The increased recall of the picture stimulus items may
reflect a historical trend toward improved visual literacy.
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Major Hypothesis II
In the paired-associate learning sequences, there will be an apti-
tude-treatment interaction between preferences for the picture or printed
word representations, as expressed by eye fixation variables, and recall
scores on the paired-associate learning sequences.
Conclusions, Hypothesis II : Tests of parallelism did not yield
aptitude -treatment interactions between the eye fixation variables and the
subjects' preferences for picture or printed word representations in either
the immediate or the delayed testing situation. Consequently, Hypothesis
II is not confirmed by the analysis of this data.
Discussion, Hypothesis II : This conclusion does not support a
major hypothesis of the Coffing (1971) study. In that study the two differ-
ent visual treatment presentations produced significant aptitude-treatment
interactions for one of the eye fixation variables and near significant re-
lationships for three others. It was concluded that under those experimental
conditions preference for picture presentations was positively related to
success on the printed word criterion tests. In contrast, tests of parallel-
ism of regression in the present study indicated that preference for both
picture and printed word presentations was similarly related to success
on
the picture criterion tests and the printed word criterion tests.
In other
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words, the regression slopes for this study were parallel and nonintersect-
ing .
Exploratory analysis of the relationships among all the variables
was undertaken. Approximately five per cent of the correlations in the
complete correlation matrix are statistically significant. For the purposes
of this study, the clustering and distribution of these significant correla-
tions across and within variable categories are important. Of these vari-
able categories the eye fixation categories were examined most extensively.
As expected from previous studies, the eye fixation variables
showed high percentages of intercorrelations within each category. The
Eye Fixation I variables showed thirty-eight per cent significant intercor-
relations
,
while the Eye Fixation II variables showed nineteen per cent
significant intercorrelations. On the other hand the eye fixation variables
showed a consistently lower level of intercorrelation with the other
vari-
able groupings. The Eye Fixation I variables showed five per
cent or
fewer significant correlations with the General Descriptive,
Color Prefer-
ence, and Ability categories. The Eye Fixation II variables
showed a
slightly higher percentage of intercorrelations with
these categories.
The generally low level of interaction between the
eye fixation variables
and the variable groupings, particularly the General
Descriptive group-
ing, indicates support for the conclusion of
Coffing (1971) and Caban
( 1972 ) that the eye fixation
variables constitute an independent catego
for prediction analysis, even though they
did not produce statistically
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significant interactions as reported in the Coffing (1971) and Caban (1972)
studies
.
This conclusion is further supported by the fact that in the step-
wise multiple regression analysis the eye fixation variables did contri-
bute significant amounts to the regression formulae for three of the four
dependent variables. For the Immediate Picture criterion score the eye
fixation variables Word Stimulus I and Center I were the best predictor
variables in the eye fixation category. For the Immediate Word criterion
scores, the eye fixation variable Word Stimulus I was again the best score
predictor.
Although the overall hypothesis involving eye fixation and eye
movement preferences was not supported, the finding that word stimu-
lus fixation showed a much stronger predictive relationship to the Immedi-
ate Word criterion scores than to the Immediate Picture criterion scores
suggests that future research in this vein may be warranted.
The stepwise multiple regression analysis involving the De-
layed Picture criterion scores did not show any substantial contribution
of the eye fixation variables to the regression formula. However, for the
Delayed Word criterion scores Word Stimulus I was again the best predic-
tor from the eye fixation variable group.
The intercorrelations between the other variable groupings were
also lower than the intercorrelations within those groupings. The Gen-
eral Descriptive variables showed percentages of correlations of less
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than ten per cent with all groupings except the Immediate Paired-Associate
variables and the Delayed Paired-Associate variables. This indicates a
stronger positive relationship between the General Descriptive variables
and paired-associate learning ability as presented in this experiment,
than the relationship between the paired-associate learning ability and
the eye fixation measures. The Color Preference and the Ability variables
showed percentages of correlations of less than fifteen per cent in relation-
ship to all other variable groupings.
In summary, examination of the simplified correlation matrix
indicates that within category correlations were high relative to between
category intercorrelations. Such low between category relationships are
supportive of higher contributions to the explanation of variance since
each category may contribute to different aspects of the variance within
the formula.
The group of variables found to be the strongest predictors of
success on either the Picture or Printed Word criterion measures was en-
tered into a stepwise multiple regression with each of the criterion vari-
ables. These variables were TRACK, SEX, GLASS, BIRTH O, ABSENT,
TARDY, DEPORT, IOWA, CTMM , YELLOW, BROWN, SURF DII, HID FIG
II, AUDLET S, W STM I, CENTER I, and OFF I. In the case of each de-
pendent variable, some combination of these variables contributed ap-
proximately fifty per cent to the explanation of variance. When the vari-
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able groupings were entered separately into the stepwise multiple regres-
sion, no grouping contributed fifty per cent or more to the explanation of
variance. Since the largest number of variables in the combination cate-
gory came from the General Descriptive variable grouping, that grouping
contributed the most to the predicted variance as an independent category.
No aptitude-treatment interactions were found involving the eye
fixation variables, but four variables in other groupings showed nonparal-
lel regression slopes.
When scores on the immediate test were compared for Picture and
Printed Word criterion measures, both the Iowa Tests of Basic Skills and the
Color Preference for Black produced aptitude-treatment interactions. The
score comparisons on the Iowa Test of Basic Skills represent a disordinal
interaction. Analysis of the regression slopes indicates that high scores
on the Iowa Tests are associated with greater success on the Immediate
Picture criterion measures and lower achievement on the Delayed Picture
criterion measures. The score comparisons for Black also produced an ap-
titude-treatment interaction. Analysis of these slopes indicates that non-
preference for the color Black is associated with higher Immediate Picture
recall scores and lower Immediate Word recall scores. As preference for the
color Black increases the distance between the slopes decreases and
in-
creased preference for the color Black is more positively related to
improved
scores on the word recall items. The regression lines for these
variables
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did not intersect within the range of the variables as included within this
study.
When scores on the picture criterion tests were compared at the Im-
mediate and Delayed test times, Deportment produced an aptitude-treatment
interaction. The analysis of these regression lines indicates that increas-
ing Immediate Picture recall scores are associated with increasingly positive
Deportment ratings, while increasing Delayed recall scores are associated
with increasingly negative Deportment ratings. The regression lines do not
intersect within the range of the variables as included in this study.
When scores on the word criterion tests were compared, Surface
Development II produced an aptitude-treatment interaction. Analysis of
these regression lines indicates that low scores on the Surface Development
II Ability test are associated with higher recall on the Delayed Picture
scores and low recall on the Delayed Picture and Wordrecall scores increases
as scores on the Surface Development II Ability test increase. However, the
slope of increase for the Delayed Word scores is so steep as to achieve a
statistically significant interaction level. Again these lines do not inter-
sect within the range of the variables as included in this study.
Although the eye fixation variables did not show significantly
nonparallel regression slopes on the Immediate and Delayed criterion meas-
ures, differences in the strengths of relationships was evident.
Word Stim-
ulus I and Center I fixations did show slightly less than significant
non-
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parallel regression slopes when comparisons were made between Picture
and Word success on the Immediate test scores.
When the regression slopes for Picture criterion scores were com-
pared at Immediate and Delayed testing, picture stimulus viewing showed
less parallelism for words than for picture viewing, while word stimulus
viewing yielded the opposite result.
Of the other comparisons involving the eye fixation variables only
the results for the Off fixations are notable. While Off fixation viewing
showed similar relationships to Picture criterion scores in both the Immediate
and Delayed test situations, it had strikingly different relationships with the
Printed Word criterion scores. The Printed Word criterion scores were nonpar-
allel when comparing the Immediate and Delayed tests. This result narrowly
missed the .05 level of significance. The Off fixation measure may reflect
fatigue or disinterest. It appears that those who looked away from the Word
stimulus items recalled less than those who looked away from the Picture stim-
ulus items
.
Major Hypothesis III
In a test of Delayed recall on a single-trial paired-associate learn-
ing sequence , the decay identified by the ratio of Delayed recall to Immedi
ate recall will be less for items recalled from the Printed Word stimulus ma-
terials than for items recalled from the Picture stimulus materials.
Conclusions, Hypothesis III : In a comparison of losses from the
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Picture and Printed Word stimulus items, the loss of Printed Word items was
less than the loss of Picture stimulus items from the Immediate to the Delayed
test situation. Consequently, Hypothesis III is not proven false by the analy-
sis of these data
.
Discussion, Hypothesis III: This conclusion supports the suggestion
by Mackworth that words are a more stable form than pictures for entering
long term memory storage. However, the number of items remembered from
the Word stimulus criterion tests was substantially lower than the number re-
membered from the Picture stimulus criterion tests, and the scores on the De-
layed Word recall paired-associate sequences were very low. These extreme-
ly low scores produced a floor effect which made conclusive interpretation of
this data inadvisable.
Exploratory Analysis
Exploratory analysis of the combination eye fixation measures indi-
cated that the summation of areas viewed was also related to the efficiency of
learning scores on the Picture and Printed Word criterion measure. An analysis
of these combination eye fixation patterns indicates that subjects who focused
on pictures in the stimulus position and printed words in the response posi-
tion retained more information from the Immediate to the Delayed test situation.
Lumsdaine (1952) and Pavio(1966) concluded from their research that pictures
in the stimulus position facilitate learning. The current study
indicates that
those who place more eye fixations on pictures in the stimulus position
of
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a paired-associate sequence retained more items from Immediate to Delayed
testing
.
\
General Discussion
Several aspects of this study are reviewed to explore the contribu-
tions and limitations of this study and to provide a basis for suggestions for
future research. Particular attention is given to the relationship between
eye-movement analysis and retention.
Experimental Apparatus : There were two mechanical failures which
decreased the efficiency of this study.
The first involved the malfunctioning of the timing mechanism
which operated the camera. This caused some subjects' eyes to be photograph-
ed at irregular intervals. Those subjects were identified by the varying num-
ber of frame counts for each picture and were subsequently dropped from the
study. The mechanical timing switchwas replaced by magnetic reed switches
.
The second difficulty involved the malfunctioning of the synthro-
nizer which triggered the slides in response to the pulses on the audio-
tape. A technician was used to trigger the slides while listening to the
tape during those sequences while the electronic synchronizer was
under re-
pair. There were instances in which the slides fell too soon or too late
for
proper reaction by the subjects. All subjects tested during the use of a
person
as a synchronizer were dropped from the analysis.
Additional problems involved the focusing mechanism on the
particu-
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lar camera used which required extensive manual focusing during the ex-
periment. Slight changes in head position or angle of the subjects' eyes
created focusing difficulties. This made analysis of some of the eye move-
ment films difficult and required that two or three people go over the films
several times to confirm the central area of focus.
The equipment used for eye-movement research is at this time still
cumbersome, despite extensive improvements made after the Coffing (1971)
and Caban (1972) studies.
Suggestions for Future Research :
1. The eye-movement apparatus should be made smaller and more
portable to facilitate its wider use as a research tool.
2. A film camera which does not require extensive manual focus-
ing should be used with the eye-movement apparatus.
3. Although children relate well to the apparatus, examination
for affective interaction effects of children with the apparatus would im-
prove the ecology of the experimental situation.
Stimulus Materials . The stimulus materials used in this study were
the same as those used in the Coffing (1971) study. These
materials were
left basically unchanged so as to improve the chances
of replicating
the former study. Two slight changes were made.
The original word stim-
ulus pictures were rephotographed to improve the
clarity and image quality
of the slides. Secondly, the improved
picture stimulus items from the
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Caban (1972) study were used in the criterion paired-associate sequences
.
Suggestions for Future Research :
1. The size and width of the print on the word stimulus items
could be increased to test for improvements of the recall scores on the word
stimulus items.
2. The connective phrases could be removed from the visual form
of the word stimulus items and retained in the audio presentation.
3. Items could be interchanged from the picture to the printed
word presentations.
4. Exposure time could be varied for slides containing picture and
printed word representations.
Retention : Although the rate of forgetting was lower for printed
word stimulus items, in general the word stimulus items were poorly re-
tained over the delay interval. Hall (197 1) and Norman (1966) relate several
aspects of forgetting to the rate of presentation of the original stimuli. In
order to achieve maximum retention of the word stimulus items, it may be
necessary to present the word stimulus items for a longer time than the pic-
ture stimulus items in order to allow more rehearsal time. Kintsh (1965) and
others have shown that arousal at the time of original learning may have dif-
ferential effects on long and short term memory functions. The arousal level
generated by each association may affect the probability of its retention. For
example, an item such as "The rope rubs the eye," may have stronger impact
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on a subject than an item such as "The hand throws the hat."
Kintsh(1970) and Hall (1971) have documented studies using rehear-
sal and/or learning to criterion to facilitate transfer of items from primary to
secondary memory. Allowing subjects to become more familiar with the asso-
ciations could serve not only to decrease the forgetting of the word stimulus
items but also to provide opportunities for the study of eye-movement strat-
egies at several stages in the acquisition of associations from the paired-
associate learning sequences.
Suggestions for Future Research:
1. Rehearsal could be used to increase retention of the word stimulus
items
.
2. Learning to criteria could be employed, firstly to increase the re-
tention of the word stimulus items and secondly to provide data on eye-move-
ment fixations at various stages in the process of learning
paired-associate
sequences of that type.
3. The arousal levels of items could be calculated and
related to
the overall data analysis as dependent or intervening
variables.
4. Additional items could be added to the criterion tests
in order
to increase the possibility that a statistically
reliable number of word stim-
ulus items would be retained.
Replication
As noted above, one of the purposes of
this studywas to replicate
the effects of picture and
some aspects of the Coffing (1971) study
comparing
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printed word stimulus materials with the subjects' efficiency of learning
scores on the paired-associate learning sequences and their eye-movement
preferences. Conclusions drawn from the data analysis of Hypothesis I indi-
cate that this study does replicate the first hypothesis of that study. Pic-
ture viewing does appear to facilitate learning from paired-associate learn-
ing materials more than printed word stimulus materials. Conclusions drawn
from the analysis of Hypothesis II indicate that this research does not
repli-
cate the other finding of the Coffing (1971) study. The efficiency
of learning
scores of individuals preferring pictures did not differ
significantly from the
scores of individuals preferring printed words
.
A plausible explanation for this disparity can be
found in the work of
Maccoby (1969) on the developmental nature of selective learning.
Each study
wasdone with a different age group. Coffing (1971) used high
school students,
while this studywas done on seventh graders. The
earlier study by Rohwer (1967)
was conductedat the elementary level.
Rohwer, however, did notemploy the
eye-movement analysis techniques usedinthe
succeeding studies. Conse-
quently, we have no record of the
information search patterns used by his sub-
jects.
A study conducted by Mackworth and
Bruner(1970) did make spe-
cific comparisons between the eye
fixation patterns of children and adults
The authors were particularly
interested in the subjects' abilities to use
eye-movements constructively, i.e. to
fixate on those parts of the dis-
play which would give them the most
information. The adults in the
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Mackworth- Bruner study showed more skill at visual selectivity than did
the children. The discussion indicated that this may be partially attribut-
able to the development of balanced control between central and peripheral
vision. Ability to achieve this balance is known to be related to chrono-
logical development.
Another factor which may account for the disparity of results be-
tween the two studies is that the junior high school may be considered as
a transitional period, not only in the physical and emotional sense as it
relates to the transition from childhood to adulthood, but also as the
transition period from elementary to secondary educational materials and
expectations. Elementary curriculum materials are highly visual, while
secondary materials are much less so. Subjects used in the present
study had more recently been exposed to elementary school materials
which require and facilitate visual information seeking approaches, while
the high school students used in the Coffing (1971) study had been ex-
posed to secondary materials with a greater emphasis on the printed word.
The populations from which the samples were drawn were quite
different for the two studies. The Coffing (1971) sample was a hetero-
genous group of high school students from California with a mixture of
racial, socio-economic and academic characteristics included. The
present study was conducted on a sample from a relatively homogenous
New England population. The experiences of the two groups may be
sub-
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stantially different with regard to their school settings and their general en-
vironmental learning opportunities. These differences could be examined to
determine their contribution to the contradictory research results.
Further questions regarding the stability of these hypotheses can
only be answered by subsequent replications.
Suggestions for Future Research :
1 . A replication study should be designed to compare different age
groups from the same population. This would examine developmental aspects
of eye-movement selectivity.
2 . Future studies should include more heterogenous populations in
order to increase the generalizability of the results.
3 . The combination eye fixation strategies should be further invest-
igated to examine the relationships between the eye-fixation choices and the
organizational aspects of learning paired-associate sequences.
Summary of Conclusions
Hypothesis I : In a test of immediate recall on a single-trial
paired associate learning sequence, subjects will recall more items from
visual stimuli containing picture representations than from visual stimuli
containing representations of printed words .
Major Hypothesis I is not proven false by the analysis of this
data. Subjects did recall more items from the picture stimulus
materials than from the printed word stimulus materials.
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Hypothesis II : In the paired-associate learning sequences, there
will be an aptitude-treatment interaction between preferences for the picture
or printed word representations, as expressed by eye fixation variables, and
recall scores on the paired-associate learning sequences.
Major Hypothesis II is not supported by the analysis of this data.
No aptitude-treatment interactions were found involving the eye fix-
ation variables and the recall scores on either the immediate or de-
layed paired-associate learning sequences.
Hypothesis III : In a test of delayed recall on a single-trial
paired-associate learning sequence, the decay identified by the ratio of de-
layed recall or immediate recall will be less for items recalled from the
printed word stimulus materials than for items recalled from the picture stim-
ulus materials
.
Major Hypothesis III is not proven false by the analysis of this
data. However, scores on the recall of the word stimulus items
were so low as to interfere with any conclusive interpretation of
these results
.
Conclusions not Hypothesized :
1. The eye fixation variables did contribute substantial
amounts
to the predicted variance for three of the four criterion
variables: Immedi-
ate Picture, Delayed Picture and Delayed Word.
2. The eye fixation variables appear to be an
independent category
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for prediction of learning success on the paired-associate learning tasks.
3. Subjects who place more eye fixations on pictures in the stim-
ulus position of the paired-associate learning sequences retained more
items from the Immediate to the Delayed testing situation.
APPENDIX I
This experiment involves remembering things that are grouped to-
gether in pairs.
Learning in pairs SLIDE 1
It is not difficult, but it will require your full concentration. You will be
presented with pairs of things that must be remembered together. For ex-
ample, you might hear the sentence, "The bricks break the window."
The bricks break the window. SLIDE 2
At the same time, you will see helpful information on the screen in front of
you. A number of these pairs will be presented. These will be called,
"Pairs to remember. "
Pairs to remember. SLIDE 3
Test SLIDE 4
In the test part, you will then be asked to name out loud the sec-
ond part of a pair when you are presented with the first part. In our ex-
ample when the "Brick" is presented alone
Brick SLIDE 5
You should answer out loud, "window.
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To repeat, you are asked to study each of the pictures of paired
objects, "Pairs to remember," as they appear on the screen, while listen-
Pairs to remember. SLIDE 6
ing to the verbal description of the objects in order to learn which objects
are presented together. You will be asked to name the missing object in
each pair when shown the other object of that pair. Please look at the
first slide.
1, 2, 3, 4, 5. SLIDE 7
Now look at each number in turn as I name them: Number One.
Number Two. Number Three. Number Four. Number Five.
Now you will be presented the first set of pairs SLIDE 8
to remember:
The file sharpens the saw
.
SLIDE 9
The box hides the pliers. SLIDE 10
The marker colors the chalk. SLIDE 11
The wrench adjusts the motor. SLIDE 12
The tripod supports the camera. SLIDE 13
The glove touches the stapler. SLIDE 14
Now give your answers out loud: SLIDE 15
Marker. SLIDE 16
Wrench. SLIDE 17
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File. SLIDE 18
Tripod. SLIDE 19
Box. SLIDE 20
Glove. SLIDE 21
Now here is the second set to remember. SLIDE 22
(In order to test for order of presentation effects on the two criterion tests,
the odd-numbered subjects were given the pictorial representation set as
the second set and the printed representation set as the third set. The
presentation mode sets were reversed in order of presentation for the even-
numbered subjects, i.e. the printed set was presented second and the pic-
torial set was presented third. In each instance the pictorial sets were
identified visually and aurally to each other and the same intra-set pre-
sentation order was maintained. In each instance the same applied to the
printed sets.)
(PICTORIAL REPRESENTATION SET)
The milk fills the bowl. SLIDE 23
The rock breaks the bottle. SLIDE 24
The fire burns the bed. SLIDE 2 5
The teeth bite the apple. SLIDE 26
The fork cuts the cake. SLIDE 27
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The pencil tears the paper. SLIDE 28
The spoon rolls the egg. SLIDE 29
The hand throws the hat. SLIDE 30
The bat strikes the cup SLIDE 31
The man bends the pole. SLIDE 32
The axe hits the wood. SLIDE 33
The car upsets the wagon. SLIDE 34
Now give your answers out loud: SLIDE 35
Rock SLIDE 36
Pencil SLIDE 37
Spoon SLIDE 38
Milk SLIDE 39
Man SLIDE 40
Teeth SLIDE 41
Bat SLIDE 42
Fire SLIDE 43
Fork SLIDE 44
Hand SLIDE 45
Axe SLIDE 46
Car SLIDE 47
Now here is the third set for you to remember: SLIDE 48
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(WORD PRESENTATION SET)
The boat rolls the ball. SLIDE 49
The shoe taps the chair. SLIDE 50
The cat jumps the log. SLIDE 51
The foot kicks the house. SLIDE 52
The knife cuts the flower. SLIDE 53
The blanket covers the tree. SLIDE 54
The doll opens the book. SLIDE 55
The rope rubs the eye. SLIDE 56
The needle pops the balloon
*
SLIDE 57
The towel wipes the plate. SLIDE 58
The hammer pulls the bell. SLIDE 59
Now give your answers out loud:
Cat SLIDE 61
Doll SLIDE 62
Boat SLIDE 63
Rope SLIDE 65
Shoe SLIDE 66
Blanket SLIDE 67
Needle SLIDE 68
Dog SLIDE 69
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Foot SLIDE 70
Knife SLIDE 71
Towel SLIDE 72
Hammer SLIDE 73
Final common presentation audio:
And here is the last set to remember: SLIDE 74
The nail scratches the tape. SLIDE 75
The cord connects the television. SLIDE 76
The battery heats the light. SLIDE 77
The film occupies the reel. SLIDE 78
The pen marks the slide. SLIDE 79
The key opens the lock. SLIDE 80
Now give your answers out loud: SLIDE 81
Cord SLIDE 82
Battery SLIDE 83
Nail SLIDE 84
Pen SLIDE 85
Film SLIDE 86
Key. SLIDE 87
Thank, you for helping us. The operator will now remove your head-
strap. Thank you again. SLIDE 1
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